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pact, low-loss design. Thermal capacities 

e high for severe load conditions. Sturdy, time- 
proven core and coil construction withstands re- 
peated short-circuit stresses of network operation. 


e, dependable tap-changing mechanism. 
andle inserted through two-inch opening on 
cover operates mechanism. Handle cannot be re- 
moved unless it is in positive tap position. Cover 
location of handle entrance eliminates packing 
land maintenance. 


eaded valve connections to tank are solder- 

ped for extra protection. Valves are located for 

easy access. Globe-type valves with-non-rotating 
seats close tight, avoid wear on valve seats. 


al-wound gaskets have proved their supe- 
ority over other types of gaskets for sealing bush- 
ings in the tank wall in over 6 years’ continual 
use. Alternate plies of preformed springlike metal 
and non-metallic fillers provide unusual resilience 
and actually adjust themselves to changes in 
operating conditions. Gaskets can be installed 
without cements or grease. They can be quickly re- 
moved if required and may be re-used if necessary. 


t blast cleaning, three coats of baked-on 
aint formulated for high water resistance, and 
compound treatment of base and tubes in base 
area give superior surface treatment, A-A317? 


NETWORK 
TRANSFORMERS 


in City after City... 


PROVE 


By Performance 


On utility systems all over the country 
Allis-Chalmers network transformers meet the 
test of reliable and economical service. New 
A-C network units are ordered repeatedly to 
take their place alongside the more than 114 
million kva already installed. 

You get unusual flexibility in choice. To sim- 
plify your application problems, Allis-Chalmers 
builds all three basic types: oil-filled, Chlorextol 
liquid-filled, and sealed dry type. 

It will pay you to investigate the design and 
construction details of Allis-Chalmers network 
transformers before you order your next unit. 
Consult the A-C district office near you or 
write Allis-Chalmers, Milwaukee 1, Wisconsin, 
for more information. 


Chiorextol is an Allis-Chalmers trademark, 


AC 
ALLIS-CHALMERS ~ 
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Registered United States Patent Office 


The Cover: Steel struts are welded in a 40-ton cast-iron upper-exhaust hood by workman at General 
Electric Company’s turbine factory, Schenectady, N. Y. Resembling an igloo, the hood is part of the first 
of six 200,000-kilowatt steam turbine-generators being made for Ohio Valley Electric Corporation’s new 
Clifty Creek plant near Madison, Ind. The Ohio Valley Electric Corporation was organized by 15 private 
utilities to generate electric power for the Atomic Energy Commission’s project near Portsmouth, Ohio. 
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Fiberglas-base sleeving 
and tubing for all 





classifications are here. 


They give better resistance 
to overload and moisture. 
Now priced competitively 
with organic-base materials. 
Your distributor has them 





in both organic and 
inorganic finishes. 


OWENS-CORNING 


FIBERGLAS 


For Technical Data, Write: *T. M. Reg. 0.-C. F. Corp. 
Owens-Corning Fiberglas Corp., Electrical Div., 598 Madison Ave., New York 22, N.Y. 








HIGHLIGHTS........ 


We’re in the Red. W. J. Barrett, 
Treasurer of AIEE, discusses the current 
deficit, and tells what measures need be 
taken to correct the situation. A chart 
gives the General Fund Balance for the 
beginning of each month for the fiscal 
years, 1953-1954 and 1954-1955. This 
problem should be of concern to every 
AIEE member (. 95). 


Survey Reports, The AIEE Committee 
on Planning and Co-ordination has tabu- 
lated the results of the questionnaires re- 
cently sent to AIEE members to investigate 
employment conditions. The details are 
reported graphically in terms of per cent. 
(pp. 96-7). 


Nuclear Power Plants for Ship Propul- 
sion. Proposals made by industry study 
groups give insight into use of atomic 
power for propulsion of ships (pp. 776-27). 


A New System of Logarithmic Units. 
Various units, as the decibel, have been 
used in connection with a physical quan- 
tity; each satisfies the requirement of con- 
venience. Often the units are used in a 
new field in which they do not apply, which 
leads to confusion. Thus there is a need 
for a system, as described (pp. 735-7). 


Corrections. In the January issue, Engi- 
neering Developments, 1954, 300 miles in- 
stead of 3 miles was given as the maximum 
depth which the transatlantic cable is laid; 
and the view of the chassis of the color 
television receiver and _ black-and-white 
television receiver was through the courtesy 
of Westinghouse Electric Corporation in- 
stead of General Electric Company, as 
given. In the figure on page 40 in Ten 
Founding Fathers of the _ Electrical 
Science—X, the date is given as 1988, in- 
stead of 1888. 
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The First Five Years of Professional De- 
velopment. President Monteith, as chair- 
man of the Training Committee for the 
Engineers’ Council for Professional De- 
velopment, reviews the progress of the trial 
run of its professional development pro- 
gram in Cincinnati. This has been made 
possible through the co-operation of in- 
dustry, universities, and professional socie- 
ties. Similar plans will be carried out in 
other cities throughout the country in the 
near future (pp. 98-700). 


Educating Electrical Engineers to Ex- 
ploit Science. A review of the growth of 
engineering and an examination of the 
nucleus of electrical science preface a dis- 
cussion of the suggested break with tradi- 
tion as reflected in the revised curriculum at 
one outstanding educational institution (pp. 
110-5). 


Organization Planning—The Hard Work 
and Common Sense Approach. Organ- 
izational planning and manpower control 
functions are performed in one oil company 
by a Department on Organization. In this 
company planning aims to place the 
responsibility and accountability in the 
hands of the people required to carry on 
the activities of the company (pp. 730-5). 


Employers, Ethics, and Novice En- 
gineers. In this article, a comparison is 
drawn between the professional standing of 
a young engineer and an interne in the 
medical profession. It is discussed as to 
how employers can help raise the standards 
of the young engineers (pp. 707-2). 


Nuclear Power Reactors. This is the 
second part of a 2-section article on nuclear 
power reactors. It describes two reactor 
types, reactor technical problems, and costs 
in making use of this new type of power. A 
large percentage of the power plants may 
be nuclear powered by 1975 (pp. 7144-9). 


Lighting a Modern Refinery Process 
Unit. When any plant has outdoor equip- 
ment which functions on a round-the- 
clock basis, good engineering demands 
that adequate illumination be provided 
The lighting principles covered in this 
article obtain for any exterior operation 
where men have to see at night (pp. 724-8). 


Safety in College Electrical Laboratories. 
When electrical engineering students first 
begin their work with electric machinery, 
they should be warned of the lurking 
hazards. If good safety habits are formed 
early, fewer accidents will occur during 
their careers (pp. 757-3). 





Bimonthly Publications 


The bimonthly publications, Comimunica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain 
the formally reviewed and approved 
numbered papers presented at General 
and District meetings and conferences. 
The publications are on an annual sub- 
scription basis. In consideration of pay- 
ment of dues, members (exclusive of Stu- 
dent members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub- 
scription price of $2.50 each. The publica- 
tions also are available to Student mem- 
bers at the annual subscription rate of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York ex- 
change). Single copies, when available, 
are $1.00 each. Discounts are allowed to 
libraries, publishers, and _ subscription 
agencies. 





Implementation of a Research Program 
for the Electric Utility Industry. Various 
methods of conducting research planning 
for system engineering, and the desira- 
bility of an industry-supported laboratory 
is emphasized. Such a research program 
would encourage greater interest in the 
power industry among engineering students 
(pp. 104-9). 


Glossary of Some Telemetering Terms. 
The Joint Subcommittee on Telemetering 
Terminology of AIEE and Institute of Radio 
Engineers (IRE) has prepared a glossary 
of definitions. A few definitions are known 
to be controversial, but it is hoped that 
a publication of the terms will foster dis- 
cussion and hasten agreement (pp. 753-6). 


Designing to Reduce Maintenance 
Cost. Maintenance in production must be 
planned, and the shop must be well 
equipped and have trained personnel to 
be effective. In this article, an analysis 
is made of some of the causes for main- 
tenance on electric systems, as well as 
corrective measures that must be taken into 
consideration for reduced maintenance 
costs (pp. 7139-47). 





| 
Membership in the American | 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- | 
trical engineers. Complete in- | 
formation as to the membership | 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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PORCELAIN 


This is the interrupter 
unit for a porcelain-clad 230 Kv oil-blast breaker. It is, we believe, 
one of the largest pieces of top-quality electrical porcelain 
ever produced. Strictly a homogenous one-piece porcelain, it 
has no glazed joints or other interruption of the continuous 
porcelain body. It is 112” long, has 246” leakage distance and 
weighs 1325 pounds. It will be supplied with large heat-treated 
cast aluminum flanges, and with ends ground for gasketing. 

Visitors to the Lapp plant find the production rows of these 
units an impressive sight. We’re proud of them, too—mostly 
because they dramatize and emphasize our often-repeated claim. 
Lapp experience . . . Lapp techniques of production and control 
... Lapp enthusiasm for the manufacture of sound porcelain... 
add operating security and long life to the systems on which 
Lapp insulators are installed. 

Lapp Insulator Co., Inc., Le Roy, N. Y. 
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Aerial “spinning machine” lashes 3 single con- 
ductor cables to supporting messenger wire. 
Florida Power and Light utilized this method to 
speed installations of Okonite cables in Miami. 


for fast-growing Miami 
FP.zL uses OKONITE cables 


Metropolitan Miami is one of America’s 
fastest growing cities. It is now 400% 
larger than in 1930—a total increase of 
nearly half a million people! Naturally, 
Miami’s electric power requirements have 
also increased tremendously. And Florida 
Power and Light Company has pro- 
vided this additional power by installing 
many miles of Okonite aerial and under- 
ground cable. 

Okonite helps FP&L solve problems 


caused by Florida’s tropical climate. Ordi- 
nary cable can’t long survive the effects 
of sunlight, heat, and salt-laden moisture 
in the air. But long field service has proved 
that Okonite cable is highly resistant to 
all of these. FPaL depends on Okonite 
cable because it provides the most reli- 
able and economical service that money 
can buy. Why don’t you consider Okonite 
as an answer to your cable problems? 
The Okonite Company, Passaic, N. J. 
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Part of the contro! equipment of a modern dial system—dial telephony’s equivalent of a brain. It 
goes into action the instant you dial a call, selecting the telephone you want to reach and directing the 
switches that set up the connection... just as the brain directs the muscular actions of the body. 


‘This question can’t be answered until we learn 
more about the nature of thought. But dial telephone 
systems do simulate many of the processes of the 


human brain. For example, when a number is dialed, 
Bell’s newest switching system — 

COUNTS the dial pulses 

REMEMBERS them 


DECIDES ON the best route to a nearby town 
or across the nation 


TESTS to see if the route is clear 
SELECTS an alternate if the first route is busy 
REPORTS difficulties in circuits, if any 


Today’s automatic switching reflects the creative think- 
ing of many scientists and engineers at Bell Telephone 
Laboratories. Each year your dial telephone is able 
to do more for you. And this is but one phase of the 
continuing effort to keep your Bell telephone service 
the world’s best. 


BELL TELEPHONE LABORATORIES 


IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 
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Augmenting the well recognized and widely used 
Dynamatic line of eddy-current couplings, brakes, 
and drives, the new DYNASPEDE Liquid Cooled 
Stationary-Field Coupling offers a number of out- 
standing design and operational advantages. 


Principal design features include the mounting of 
the field section integral with the coupling frame, 
with the drum-ring rotating concentrically with the 
field. A toothed rotor (the output member) is 
mounted concentrically with the drum. 


oo 
DYNANATIC 


DIVISION 


KENOSHA, WISCONSIN) ¢« 


Introducing the New 


DYNASPEDE 


Stationary-Field Adjustable Speed 
Eddy-Current Coupling 


* No brushes, slip rings, or commutator. 


* Completely enclosed; adaptable for 


operation under hazardous conditions. 
* Wide-range stepless speed control. 


* Reduced maintenance. 


The absence of slip rings and brushes eliminates 
the possibility of arcing, and adapts DYNASPEDE 
to hazardous applications in explosive or corrosive 
atmospheres. Maintenance is materially reduced. 


The torque characteristics of the DYNASPEDE 
coupling are such that with uniform excitation, the 
torque curve continues to rise with increased slip. 


As is the case with all Dynamatic eddy-current 
couplings, DYNASPEDE provides a very wide 
range of stepless speed control. 


Send for Illustrated Descriptive Literature 


EATON MANUFACTURING COMPANY 


General Offices: Cleveland, Ohio 
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Self-supporting 


THOREX 
ARRESTERS 


are inherently free 
from voltage distortion 


All Thorex lightning arresters, from the 
smallest to the largest, are self-support- 
ing. Obviously, this saves the cost of de- 
sign and installation of support or brac- 
ing structures and insulation. These “in- 
cidental” items can often be more expen- 
sive than the arrester units themselves. 


But, there is still another important 
factor. Bracing or supporting insula- 
tors, connected at intermediate points in 
the arrester stack, offer the likelihood of 
electrical surface leakage under condi- 
tions of contamination and moisture. 
This can distort proper voltage division 
between units, which invites severe ar- 
rester damage. 


* 
<i 
red 


z 
‘n) 


Since the lack of intermediate insu- 
lating supports is inherent in the self- 
supporting Thorex arrester, you have 
added assurance of long-time reliability 
and protection -- and not at any premi- 
um, in fact, as part of a very substantial 
Saving in installed cost. 


TELL LAL AAA ERE " 


Here is additional proof of the sound 
investment you make when you protect 
your major apparatus with Thorex light- 
ning arresters, 


hid Bitadd. 
MANSFIELD f OHIO, U.S.A, 
VW 


oi A 


Hl 


4420-4 
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HERE’S THE FASTEST WAY to reduce inventory and purchasing 


problems on continuous duty a-c paper capacitors. Sprague Clorinol® 
drawn-case Capacitors are now furnished with new universal double- 
blade terminals for soldered or solderless connections. This ingen- 
ious terminal design permits quick-connect and quick-disconnect har- 
ness wiring while at the same time it makes soldered connections easy 
with its notches and perforation. This new flexible time and trouble 
saving feature just introduced by Sprague will be an important 
cost saver for you. 

Ideal for use in air conditioning and similar equipment, Clorinol 
oval-case capacitors save space, weight, and cost over conventional 
rectangular case capacitors of comparable rating. The seamless cases 
prevent leakage of impregnant and the double-rolled lock seam 
between case and cover eliminates any possiblity of cover “pop-out.” 
There is no dependence on solder for mechanical strength or sealing 
on critical seams. 

Clorinol is a non-flammable synthetic impregnant controlled for 
maximum stability and long life at high operating temperatures. 

A-C Clorinol Capacitors, Type 200P, are furnished in both shallow 
and deep oval cases in standard capacitance ratings for operation 
at 236, 330, 440, 660 volts, 60 cycles. 

In addition to the double-blade universal terminal, Clorinol 
Capacitors can be furnished with single blade universal or fork type 
terminals as shown in the photo above if desired. 

Complete information on Clorinol Capacitors, with cost saving ter- 
minals, is given in Engineering Bulletin 240 upon letterhead request 
to the Sprague Electric Co., 321 Marshall St., North Adams, Mass. 





j 
| 
i 
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WORLD'S LARGEST 


CAPACITOR 
MANUFACTURER 
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ASSEMBLY—In process of assembly is this standard low voltage switchgear unit. 


A sound investment-— standardize on 
|-T-E Low Voltage Switchgear 


Before you specify low voltage switchgear, check the advan- 
tages offered by I-T-E. It is the finest of modern switchgear— 
factory assembled; shipped as a unit; neady to install; pro- 
viding the maximum in dependability, safety, reduced main- 
tenance costs, and attractive appearance. 

I-T-E Circuit Breakers are the heart of the gear. Their per- 
formance in providing maximum protection has been proved 
conclusively in thousands of installations. I-T-E Structures 
are designed specifically to house and interconnect these time- 
tested protective devices and auxiliary equipment. When you 
combine the two, you get the finest of circuit breakers in the 
finest of structures—with much less special engineering, much 
faster delivery, and units tailor-made in standard frames to 
fit your requirements. 

Standard I-T-E Low Voltage Switchgear Assemblies are 
available with ratings through 6000 amp continuous and 
100,000 amp interrupting, 600 v a-c and 250 v d-c. For details, 
contact the I-T-E field office nearest you. Look in your classi- 
fied directory under Electric Equipment, or write for Bulle- 
tin 6004A. I-T-E Circuit Breaker Company, Switchgear Di- 
vision, 19th and Hamilton Sts., Philadelphia 30, Pa. 


INSTALLED—A standard I-T-E low 
voltage switchgear unit in operation. 


1-T-E CIRCUIT BREAKER COMPANY, Switchgear Division 
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Proven equipment with wide frequency range and high 
performance for point-to-point or ground-to-plane appli- 
cations requiring dependable operation on one or more 
channels, 


COLLINS 231D-20 


The latest model of a long series of high powered Auto- 
tune transmitters which have found application all over 
the world. 5000/2500 watt r-f output. It provides ten 
selectable crystal controlled channels within the range 3 to 
26 mc. Channel change is accomplished by means of a 
regular telephone type dial, either locally or at a remote 
point. Power to insure communication over the long point- 
to-point or ground-to-air routes is provided. 


COLLINS 16F-14 


Power output of 300 watts voice, 
500 watts CW. Frequency range 2 
to 20 megacycles. The Collins 
Autotune provides rapid and pre- 
cise frequency change and sets up 
the 16F-14 for operation on any 
one of ten pre-tuned frequencies. 
May be operated at the front panel 
or by a remote control unit from 
distances up to 25 miles. A single 
cabinet houses the complete trans- 
mitter. 


COLLINS 30K-5 


Provides two transmit- 
ting channels within 
the range of 2 to 30 
megacycles. 250 watts 
voice, 300 watts CW 
up to 15 mc and slight- 
ly reduced output at 
higher frequencies. Lo- 
cal or remote control. 
Instantaneous frequen- 
cy change. 



















COLLINS 32RA 


50 watts voice, 75 watts CW. Any of four 
pre-tuned frequencies within the range 
1.5 to 15 megacycles. Completely self- 
contained, including power supply. 115 


Write for descriptive literature volt a-c power source. 


COLLINS RADIO COMPANY 


Cedar Rapids, lowe 

























261 Madison Ave., NEW YORK 16 

1930 Hi-Line Dr., DALLAS 2 

2700 W. Olive Ave., BURBANK 

Collins Radio Company of Canade Ltd, 74 Sparks Street, OTTAWA, ONTARIO 
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Cable and Strand are efficient bus conductors in electric power 
switching structures wherever clearances permit and spans are too 
long for rigid types. They are the preferred flexible conductor for 


delivering heavy currents, generally at the lower voltages, to electric 

THE ADVANTAGES OF furnaces or to any concentrated industrial electrical load. 
Proper stranding of the conductor wires is necessary to obtain 

flexibility, strength and the smallest practical voltage drop. 
CABLE TYPE There is a complete line of ANACONDA Copper Bus Conductor 
designs for every type of installation and power requirement. Write 


today for your copy of ““ANACONDA Copper Bus Conductors”’ con- 


BUS CONDUCTO RS taining illustrations and detailed technical information concerning 


designs and arrangements for bus conductors. The American Brass 
Company, Waterbury 20, Connecticut. In Canada: Anaconda Ameri- 
can Brass Ltd., New Toronto, Ontario. 53128 Rev. 


® 
carry the load with /ANACO ‘, Bus Conductors 


VENTILATED SQUARE CHANNEL FLAT BAR SQUARE 
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We're in the Red 


W. J. BARRETT 
TREASURER AIEE 


N his article in the January issue of Electrical Engineering, 
I C. S. Purnell, Chairman of the Finance Committee, 
pointed out that the budget for the year beginning 
October 1, 1954, anticipates a deficit of about $106,000. 
In the calendar of the Institute, a budget year overlaps 
portions of two fiscal years. It has been done that way in 
an attempt to make the budget year coincide approximately 
with the period during which. the Institute committees 
function. The fiscal year starts on May 1. It is the year 
for which the member pays his dues and in return receives 
the publications and other benefits of membership. 

With a total turnover in the order of a million and a 
quarter dollars per year, the balance in the treasury ranges 
from almost nothing to roughly $300,000, and follows a 
fairly well-defined pattern throughout the fiscal year. This 
is because the dues are paid very largely within the months 
of May and June, and to a lesser degree in July, August, 
and September. Expenditures are more nearly uniform 
throughout the year, and usually have minor peaks in the 
months of May, July, and October. The accompanying 
diagram shows the balance in the General Fund of the 
Institute on the first of each month through the present 
fiscal year up to January 1, 1955, and through all of the 
preceding fiscal year, 1953-1954. 

In recent years, it has become more and more difficult 
to make ends meet. In the fiscal year ending May 1, 1954, 
there was an operating deficit of some $17,000 which left us 
with $8,710.35 in the General Fund to start the present 
fiscal year. ‘The curve shows that at no time this year have 
we been as well off as we were 12 months earlier, and the 





position has been getting steadily worse. The dash line is 
an attempt to forecast in a very rough way what may happen 
between now and May 1. If it is borne out by experience, 
there will be a deficit for the fiscal year of approximately 
$100,000. Furthermore, the General Fund balance will 
be completely wiped out by the end of February. 

When the Board of Directors meets in New York on 
February 3 during the Winter General Meeting, I shall 
have to ask them for authority to dispose of some securities 
now held in the Reserve Capital Fund in order to get cash 
with which to pay our bills and the salaries of our Head- 
quarters staff. This will mean a reduction in the funds 
which have been carefully laid away over the years to take 
care of just such an emergency as this. However, it is 
believed that we will need a substantial capital sum in 
connection with the long-hoped-for replacement of our 
present obsolete and inadequate Headquarters building. 
It is imperative that operations in the red, such as we are 
experiencing at the present time, be true emergencies which 
occur only rarely and under circumstances which cannot 
reasonably be guarded against. 

Obviously, the relation between income and expense 
must be improved substantially and at once. Steps have 
already been taken to derive some additional revenue from 
advertising in Institute publications. This is one of our 
major sources of income. The other major source of 
income is the payment of dues by the members. It is 
imperative that the dues be increased as of May 1, 1955, 
which will be the first increase for the great bulk of our 
membership in over 50 years. 
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Returns on 


1954 Employment Questionnaire 


L. F. HICKERNELL 


CHAIRMAN PLANNING AND CO-ORDINATION COMMITTEE 


Answers to the questions on Employment Condi- 

tions recently sent to AIEE members have been 

tabulated, and the results are given in this 

summary. According to the returns, participa- 

tion represented a good cross section of member- 
ship throughout the country. 


HE Committee on Planning and Co-ordination has 
ip tprestans ee the tabulation of 24,769 returns from the 

questionnaire on Employment Conditions recently 
sent to 44,095 members of AIEE in the United States and 
territories. Returns continue to trickle in. Those tabu- 
lated so far represent a response of over 56 per cent. 

The details are reported here graphically in terms of the 
per cent of those answering each question. The number cf 
returns not showing an answer is noted in each case. 

That the participation was general throughout the 
country is shown in tabular form in question 4 by the com- 
parison between the per cent of returns received and the per 
cent of the membership resident in each state. The distri- 
bution by membership grades and age brackets likewise 
indicates a good cross section of the membership. Re- 
sponses from members under 40 years of age account for 
57 per cent of the total. 

A little over half of the respondents hold state licenses 
or are “engineers-in-training.” Over three-quarters are 
engaged in industry (including utilities). Five and one- 
tenth per cent belong to unions and 9.1 per cent are em- 
ployees who definitely feel a need for collective bargaining. 
Some 71 per cent hold the opinion that unionization is 





incompatible with the individual responsibility and 
independent judgment required of an engineer. 

Such are the over-all findings depicted graphically in 
some detail in this first report to the membership. Con- 
tinuing studies, using tabulating machinery, will classify 
the answers by age, grade, geographical, and occupational 
groups. 

Over 7,000 members expressed or amplified personal 
opinions in response to the invitation extended by question 
12. These have been roughly classified into some 30 
categories and will serve as a basis for future discussions. 
Questions 13-17 inclusive, which have to do with “‘Associa- 
tions for Engineers,” do not lend themselves to analysis by 
tabulating machine methods; therefore, the answers 
cannot be reported at the present time. 

The returns from this general survey correspond closely 
with the indications received from the trial run conducted 
in the Lehigh Valley Section last spring which covered 
about 1 per cent of the total Institute membership. This 
suggests the possibility of effectively surveying membership 
opinion on important questions by modern sampling 
methods. 

The gross counts of the returns on the first 11 ques- 
tions reported here have been made available for com- 
bination with the returns reported by other major engineer- 
ing societies from similar questionnaires. These combined 
figures showing returns from 64,206 engineers will probably 
be reported in the daily public press late in January. 
Electrical Engineering will keep the membership of AIEE 
informed as more details become available. 
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1. Membership grade 
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2. Age bracket 3. 


NO ANSWER—76 NO ANSWER—428 


Employment status 


ELECTRICAL ENGINEERING 









































4, State or territory in which residence is maintained 
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as Soe Rae ae on 2 Sp , Misia ENGINEER IN TRAINING~ ~~~" NO ANSWER — {30 
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11. The individual responsibility and independent judgment 
6. Field of service required of an engineer are incompatible with unionization 
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The First Five Years of Professional 
Development 


A. C. MONTEITH 
PRESIDENT AIEE 


HIS meeting is indeed 
; milepost on the broad 
road of professional 
training being spearheaded 


by Engineers’ Council for universities, and the professional societies, is 
Professional Development receiving nation wide attention. 
(ECPD). I think it should 


go down in the annals of 
ECPD as Cincinnati Day. 

‘ I clearly recall the circum- 
stances surrounding my initial 
association with this activity. It was just 5 years ago that 
Mr. J. W. Parker urged me to accept the assignment of 
organizing what now constitutes the Training Committee 
of ECPD. The committee’s assignment was to gather facts 
and explore possible means of stimulating greater activity 
in the field of professional training. I can honestly say 
that I have never been sorry that I was given this job. 

For my own part, I can say that the committee working 
with me was excellent. Everyone gave wholehearted sup- 
port. The committee grew from a small number at the 
beginning until one time when some 80 people were serving 
on it. As we move forward in this work, we must try this 
and then try that. I am sure that with each try we see 
improvement. I would be disappointed if we didn’t see 
progress. It seems appropriate at this time to review our 
progress to date. 


REVIEW OF PROGRESS 


T is unthinkable to discuss professional training here to- 

day without paying tribute to two gentlemen who have 
made possible this Cincinnati Day. These gentlemen 
are Mr. E. S. Fields and Mr. Cornelius Wandmacher. 
They accepted the challenge to make the trial run of our 
program here in Cincinnati. The things you will hear 
about today are largely the fruits of their labor. The 
efforts of these gentlemen, coupled with the co-operation of 
the University of Cincinnati and the business people in this 
city, have made it possible to see this program properly 
and effectively launched. 

I mention this for a reason. You are all familiar with 
the Blue Book which presents our program called ‘“The First 
Five Years of Professional Development.” Now this 
program, or any other similar program we might assemble, 
is worthless unless the project has the full and sustained 
backing of industry, the institutions of learning, and the 
professional societies. This is the team that is necessary 
to make any program bear fruit, and this team has really 
clicked in Cincinnati. 

I would like to ask two questions in connection with the 
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The trial run of the Engineers’ Council for 
Professional Development’s professional develop- 
ment program in the city of Cincinnati, Ohio, 
which has the full co-operation of industry, the 


chairman of the Training Committee, President 
Monteith reviews the objectives, activities, and 
progress of the Council in this undertaking. 


content of this Blue Book. 
First, what is the basic objec- 
tive of our program? Second, 
why do we call it “The First 
Five Years?” 

The answer to the first ques- 
tion is both simple and direct. 
The one objective of thiswhole 
program is the develop- 
ment ofmen. Ifwekeep that 
one objective clearly before 
us and direct our efforts toward that one objective, there is 
absolutely no question about the results of our planning, our 
co-operation, and our hard work. The program will 
succeed because it will prove to be extremely helpful to those 
men who need it, and very satisfying to those men who labor 
over it. Mr. Alfred P. Sloan of General Motors Corporation 
made a statement at a stockholders’ meeting that brings this 
point clearly into focus. He said, “In our own great in- 
dustrial organization and in the vast industrial structure of 
the United States, the same bricks, the same mortar, the 
same machine tools are available to everyone. The differ- 
ence between a successful and an unsuccessful corporation 
lies in the men who comprise it.” This is a vital thought 
and points up the answer to the second question—why do we 
call our program “The First Five Years?” 

The success of any venture depends upon the development 
ofmen. This development takes time. The first 5 years 
of a man’s professional life are the most important in the 
shaping of his career. When he leaves the campus, his 
career horizons take on new light; his ambitions cease to be 
dreams. He must immediately set about to reappraise his 
objectives and lay plans to meet them. In this, he needs 
help and so we have chosen to concentrate our efforts during 
this period of professional awakening. 


As honorary 


INDIVIDUAL’S RESPONSIBILITIES 


N™ let us direct our attention to the responsibilities of 
the chief participant in this program. Above all 
others, the first responsibility falls to the man himself. He 
must be willing to accept the opportunities made available 
to him, willing to exert real effort at self-development. Al- 
though industry, the universities, and the societies must 
assume certain obligations, full and complete discharge of 
these duties are not worth very much if the man himself 
does not shoulder his responsibility in the program. 

During the young man’s years in school, he is under the 
tutelage of people capable of guiding and training young 
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men. When he leaves school and joins the ranks of 
industry, he steps into a brand-new environment. This isa 
broad step and even though the orientation programs of 
industry alone may be quite effective, he still needs a help- 
ing hand across the broad gulf between college life and the 
embryo stages of a professional career. 

This is why I am so enthusiastic about a program for the 
first 5 years. During that period, the young man is on 
hisown. He discovers that he has a lot of leisure time at his 
disposal, more than he has been accustomed to. He is free 
to choose whether he uses that time wisely or wastes it. 
It is here, during these crucial years, that we have a re- 
sponsibility to guide him into the right paths of thinking. 
This responsibility we must accept. Continued effort on 
our part will fill a crying need. 

This need has been driven home to me in recent months. 
As many of you may know, AIEE recently submitted a 
questionnaire to its membership. It deals with pro- 
fessionalism. I have had the pleasure of reading many of 
the letters that have come in as a result of this questionnaire. 
I am confident that some of the societies are beginning to 
become aware of the fact that there is a job to be done along 
professional lines as well as technical lines. A number of 
these letters point out quite emphatically that very little is 
being done to help the young man in his professional 
development. 

It seems that the ECPD organization is very little known 
and very poorly understood among the members of the 
numerous technical societies. Before the first 5 years pro- 
gram can get going on a broad scale across the country, this 
situation must be rectified. We must conduct an educa- 
tional campaign so that the purpose and basic objectives of 
ECPD and the objectives of this particular committee are 
understood. If we can find ways to insure this greater 
understanding, we will be on the road to broader acceptance 
of the responsibilities defined by our program. We will 
also be in a position to redirect some very dangerous tangen- 
tial thinking that appears to have been developing in re- 
cent years. 

I refer to the erosion in the thinking of our young men 
in so far as their professional attitude is concerned. It is 
quite obvious that some of our young men think too much 
in terms of increased security rather than in terms of oppor- 
tunity. This may be a natural outgrowth of the stage of 
security thinking they have just come through. You and I 
have heard too many young men ask “‘What security is there 
in it for me?” rather than ‘What opportunities are 
available?” 

This trend in the thinking of our young men must be 
changed. We all know that a man either goes ahead or he 
goes back; he cannot stand still. If we can get the young 
man to think in terms of moving forward, we will dispel a 
lot of troublesome thinking that is facing industry today. I 
mention industry because it has a very great stake in this 
problem. It can do a lot for these young people. But to 
do the most effective job, we, in industry, must be willing 
to stand up and be counted. We must hammer home by 
whatever means are at our disposal the basic truth that in- 
creased professional stature provides the only road to 
security. 
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A. C. Monteith 


ECPD’S DUTIES 


i. let’s take a little closer look at some of the respon- 
sibilities of ECPD. First of all, we must recognize 
that it is our duty to keep the young man occupied. 
that reason, I like the idea of getting started while he is still 
in school. He must not be allowed to leave school with the 
thought that his diploma marks the end of his journey in 
education. 

Rather, it should be made clear to him that the sheep- 
skin is only the foundation upon which he must continue 
to build and that the building must be done by himself. 
I cannot emphasize this point too strongly. 
made to realize that the man who leaves school with a deter- 
mination to continue self-improvement 
chances for success many times. And, I am sure that if our 
young men of today are made aware of the helping hands 
awaiting them they will reach for them very eagerly and 
quickly. 

It is our responsibility to make the young man realize that 
the benefits of all the efforts he puts forth accrue only to 
himself. Anything he can do to improve himself will either 
put him in a better position with his company or in an 
improved position to get a better job. 
fellows say, ““Why should I do this on my own time when it 
is only going to help the company?”” We must make them 
realize that this attitude only undercuts their own future 
that they are selling only themselves short. 

In this whole effort, industry has much to gain. For this 
reason, I think industry must take the lead. Others, of 
course, have a stake in this but I think that if we in industry 
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recognize our responsibilities and take steps to do our part 
better, we will all benefit. A contented employee is always 
a better employee. His attitude is healthy and he is more 
inclined to think constructively about his professional 
development. We in industry must face our responsibilities 
in orienting and training the young man and in specializing 
him so that he can move into a productive position much 
more quickly. 

We must also get our own house in order so that we can 
tell the colleges the kind of education we look for in the 
young man. This does not mean that we will ask for a 
“motor designer” or an “automobile designer.” Instead, 
we will say, ““We want a man with a good sound basic 
foundation in engineering and we will make him a special- 
ist.” If industry takes the responsibility for specialization, 
much confusion will be cleared away and the educational 
system of our country will be greatly improved. 

The engineering societies have a part in the solution of 
this problem too. They must help the man develop 
professionally, give him a guiding hand, and assist him in 
becoming an integral part of his community. I feel that 
this area has received far too little attention. It is one that 
must be worked out by the societies so I will not dwell on it 
further. 

Universities can and must contribute heavily. They 
have an educational atmosphere which is difficult to achieve 
in industry. In this atmosphere, they can foster the young 
man’s realization that he should continue his education after 
graduation. They can also make it clear that his further 
education has the full backing and support of industry, and 
that industry is interested in his training program even 
before he graduates. This teaming of schools and industry 
is good because it brings them closer together. This close- 
ness promotes a much better understanding of the aims 
and objectives of both groups. So I say, our program is 
good for the man, for industry, for the schools, and for the 
societies. 


SHORTAGE OF ENGINEERS 


i ae more poimt—the shortage of engineers. When we 
study the reasons for this shortage we find that we are 
not always providing the right kind of guidance and train- 
ing in our high schools. In many cases, we are not encour- 
aging the right high school graduates to continue their 
education in the field of engineering. 

Here is an interesting side light on this point. After an 
analysis of engineering work in our company, we decided to 
use more technicians—helpers and assistants for our 
graduate engineers. This provides an opportunity for these 
technicians to develop further along technical lines. But 
we found there were not enough technicians available. So 
we organized a technicians course at the University of 
Pittsburgh. Successful completion of a certain number of 
semester hours would entitle the student to a certificate. 
Continuation for additional semester hours would event- 
ually lead to a bachelor’s degree. In the first course there 
were 179 applications in the Pittsburgh area. Analysis 
showed that of this number, 40 graduated high in their 
high school class. But these men had not taken the neces- 
sary mathematics and science courses for engineering train- 
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ing and had to be eliminated. Of the 139 remaining, 38 
were in the top 20 per cent of their graduating class. With 
this example, I am trying to make two points. 

The first point is that we are not getting all the capable 
people to take the necessary courses for continued study in 
engineering. ‘The second point is that with the process now 
in existence, we are missing a lot of young folks fully capable 
of continuing their education in engineering. To solve this 
problem, some of the other committees of ECPD face a real 
challenge. I know they are presently driving very hard 
toward a solution. 

I feel that the present shortage of engineers will be greatly 
alleviated if we can follow through on some of the things 
we have talked about and if we can make engineering 
sufficiently interesting. We are aware that, today, we are 
in a competitive race in the training of technical men. 
Some of you have seen Dr. Trytten’s analysis of the en- 
gineering training programs now underway in Russia. 
They are graduating around 30,000 students annually with 
the equivalent of a 5-year course in engineering. These 
are backed up by some 60,000 technicians a year. After a 
number of years of this program, Russia has almost as 
many engineers as we have, and the rate of production is 
far greater than ours. This is a serious challenge to our 
national security. 

Another sobering point—Russia has about 3!/, times our 
number of trained teachers in schools preparing these 
students for the universities. This is about 3!/2 times the 
number that they had 5 years ago. Thus, the pipe lines 
are filled with teachers to keep the program moving ahead 
at a rapid rate. 

Looking at our own situation, if our ECPD training pro- 
gram is good, we ought to expand it. These gentlemen, 
here in Cincinnati, have put a great deal of time and effort 
into this initial venture and they are to be congratulated. 
What we need now are many similar organizations through- 
out the country. In our early studies, we found that there 
are at least 50 cities that could use some sort of Cincinnati 
plan. With Cincinnati rolling at the end of 2 years, we 
hope to get four more underway. I believe four cities were 
mentioned in the report and some of the people are here 
today. For instance, Mr. George Porter is laying plans for 
carrying on in the Detroit area. Atlanta, Ga., Tulsa, 
Okla., and Hamilton, Ont., Canada, are also on the books. 
If then, in 2 years, we can get eight more started, this ball 
will really begin to roll. 

We must first, however, be sold that our plan is good and 
that it can be carried forward. Let me go back to our basic 
objective. We are not striving for better buildings, or 
better planes, or better roads, or better electrical plants. 
We are striving for better people. The mere existence of 
better people will cause many of our other problems to 
disappear. We are trying to build people, big people who 
will cast their shadow of contribution on the advancement 
of society. For after all, these contributions are the sum 
total of the estate which we create and pass on to our 
children and our grandchildren. We have witnessed the 
beginning of this building program here in Cincinnati. To 
Mr. Fields, Mr. Wandmacher, and others, my sincere con- 
gratulations. 
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Employers, Ethics, and Novice Engineers 


Cc. J. FREUND 


Among engineers, their professional status is 
one of today’s live questions. That question is 
frequently dismissed with a statement that each 
engineer must improve his individual status by 
acting and living in a professional manner—that 
only thus will the status of the profession as a 
whole be improved. 
Some observations of Dean Freund, presented in 
this brief and thought-provoking article, point 
out that the above is not the whole story; that 
most engineers are employees; that their em- 
ployers can make a real contribution to improv- 
ing the status of the profession; and that such a 
contribution would be in the enlightened self- 
interest of such employers. 
I commend Dean Freund’s article to the thought- 
ful consideration of the membership of the 
Institute. 

G. D. Edwards, Fellow AIEE 


DEAN of engineering earns his living by doing a 
A number of things. One of these things is to listen 

patiently and sympathetically whenever an alumnus, 
especially a recent graduate, feels like weeping on his 
shoulder. 

Not long ago I was doing just that in my office with a 
young engineer 2 years out of college. He had a good 
job with one of our Detroit automobile manufacturing 
companies, and so far as I could see he was making good 
progress. But he was restless and dissatisfied, and he was 
thinking seriously of resigning and looking for work else- 
where. 

This interview had a familiar ring to it. In differing 
words I had heard the same story time and again, and I 
can only conclude that many of our engineering graduates 
are, to a degree, unhappy and discontented. 


A COMPARISON 


I COULD not avoid comparing this recent graduate with 
a young physician of my acquaintance who is an in- 
terne in a hospital near my home. 

The young physician studied 8 years following high- 
school; the young engineer, 4 years. The physician spent 
about $10,000 in tuition and fees,—or his parents did; the 
engineer about $2,500. 

The physician has impossible working hours,—he is on 
call day and night. The engineer works an easy 40 hours 
per week. The physician is married but lives at the hos- 
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pital; he gets his meals there, although he has an occasional 
day off. The engineer lives pleasantly with his wife and 
small son in a 5-room apartment. 

The physician is paid $1,200 per year and his keep. 
The engineer was employed at $4,600 per year immedi- 
ately following his graduation, and he receives more than 
that now. The physician is contented with his rugged 
and meager assignment. The engineer is sitting on top of 
the world and is dissatisfied. 

Obviously, the young interne has something which the 
engineer does not have. The engineer has an immense ad- 
vantage over the interne in every respect except for that 
something. That something makes the young interne 
happy with his lot, while the engineer is clearly unhappy. 

I knew both young men very well. I have studied the 
attitudes and mode of life of each, and I have just about 
made up my mind that I know the secret of the peace which 
the interne has in his soul. 


PROFESSIONAL STANDING 


A ten interne is a member of a great profession. He is 
proud of it and happy about it. The engineer may be 
looked upon as a professional man some day, but he is not 
sure. At the moment he certainly does not think much of 
his profession or about it. 

The interne is respected. He enjoys the strictly pro- 
fessional privileges of the oldest surgeon on the staff. He 
has the title of doctor, and he is so addressed by the entire 
staff of the hospital. He has authority over nurses, attend- 
ants, and other employees—many of them twice his age. 
Patients can’t distinguish between him and the younger 
men on the regular medical staff. Only senior physicians 
and surgeons may openly question his medical judgment. 

The engineer, on the other hand, is just another employee 
—no different from thousands of toolmakers, assembly- 
men, pay-roll clerks, draftsmen, and the like. He has 
authority over nobody. He is a college-trained engineer, 
but nobody knows it and nobody cares. 


THE ENGINEERING EMPLOYERS 


N™ what can the employers of engineers do about all 
of this, and what, if anything, should they do? A 
great deal, it seems to me. 

Many employers of engineers are worried about a union 
known as Engineers and Scientists of America, which is 
currently attempting to enroll employed engineers. Other 
unions have tried this but none has achieved more than an 
ambitious start. But this union might succeed, and few 
employers want their engineering decisions colored by 
union and other points of view. 

This brings us to the real core of the matter. In my 
view, employers will have no union trouble with their en- 
gineers if they give real recognition and encouragement to 
the professional character and standing of those engineers. 

Employers do recognize technical ability and engineering 
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competence of course, but those are not the sum total of 
professional standing. High honor and integrity are 
equally essential, and it seems to me that employers of 
engineers ought to be as much concerned about the ethical 
standards of their engineering employees as they are con- 
cerned about technical education and ability. 

By ethical standards, I mean the ethical codes of 
the engineering profession and not any special policies or 
regulations of any particular corporate employer. These 
ethical codes are attempts to embody in words the accepted 
concepts of high honor and integrity in the life and work 
of engineers as professional men. 

It would be interesting to take a census of the thousands 
of engineering graduates interviewed by prospective em- 
ployers this year, and to determine whether any graduate 
was asked by an interviewer what he knew about the code 
of ethics of any one of the professional engineering societies. 
I will venture to say that no such graduate would be found. 

When engineering employers insist that engineers shall 
know their ethics, just as they now insist that engineers shall 
be technically competent, they will have gone a long way 
toward giving engineers professional standing. Not until 
then will engineers in the employ of corporations begin to 
enjoy the professional standing of physicians and lawyers. 
Not until then will the engineering employee begin to sense 
that peace of soul of the young hospital interne. 

Once their engineers have really acquired professional 
standing, and once they really recognize that fact, em- 
ployers can safely discard the countless rules and regulations 
of the familiar employees’ handbook so far as those engineers 


are concerned. They need only explain to them a few 


basic company policies, and they can rely safely thereafter 
upon their honor and integrity as professional people. In 
return for the personal privileges which go with real pro- 
fessional status, such employers will have no union problem 
with their engineering staff—and in fact, few personnel 
problems of any kind. Unions do not try to organize 
people who are clearly professional. Physicians, lawyers, 
and clergymen are not found in the American Federation of 
Labor or the Congress of Industrial Organizations. 


NO MISUNDERSTANDING 


I SHOULD explain emphatically at this point that I am 
not opposed to decently and legally managed labor unions 
in their proper function. But I am unalterably opposed 
to such unions in the professions—in medicine, in law, in the 
ministry—and in professional engineering. 


CONCLUSION 


HY“ acknowledged this problem of engineering 
ethics, we must recognize there are two sides to it. 
If the employers of engineers are to make a beginning on 
their part of this sort of a philosophy, if they are really to be- 
gin to look for young engineers who know their ethics, it is 
going to be up to colleges and engineering schools to teach 
ethics. 

In the past, engineering students have been taught 
reasonable competence in technology, but they have heard 
precious little about engineering ethics. I respectfully 
suggest that it is high time for engineering education to 
mend its ways. 








Twelve-Story-High Boiler Guarded from California Quakes 
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The newest and largest steam electric power generating 
unit of the Southern California Edison Company, including 
the largest boiler of its type in service west of the Mississippi 
River, has recently gone into commercial operation at 
Redondo Steam Station, Redondo Beach, Calif. This new- 
est addition, Unit 5, adds 160,000-kw capacity to the system, 
which brings the combined Redondo Steam Station to 
448,000-kw capacity. 

The earlier station units were designed primarily for oper- 
ation throughout a wide and variable load range; the new 
unit was designed specifically for continuous full-load oper- 
ation at a maximum efficiency. In fulfilling this basic re- 
quirement of high efficiency each kilowatt-hour is produced 
with 1/2 pound of oil. This is possible primarily 
through high-cycle pressures and temperatures, 1,800 
pounds per square inch, 1,000 F and reheat to 1,000 F. 

Relative to the high-cycle pressure, the new boiler towers 
as high as a 12-story building. This height is a particular 
problem in earthquake country, such as Southern Cali- 
fornia. Special attention, therefore, was given to resistance 
to horizontal forces within a structure such as develop dur- 
ing quakes. As a result, the supporting steel for the boiler 
is exceptionally rugged. 
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Aircraft Windshields Heated with Conductive Films 


JOHN WARD 
ASSOCIATE MEMBER AIEE 


REVENTING the formation of ice on outside surfaces 

of aircraft windshields is a serious problem to the 
designers of all-weather aircraft. The development of a 
transparent conductive film* which can be applied to a 
glass surface promises to offer an ultimate solution to this 
problem. By means of the transparent conductive film, 
electric energy can be dissipated near the windshield 
surface resulting in excellent de-icing characteristics. 

The first installations of electrically heated windshields 
encountered serious structural and electrical difficulties. 
A development program was undertaken to try to find 
the causes of service troubles and develop suitable remedies. 

The electrically heated windshield is usually of lami- 
nated construction having an inner and outer pane with a 
plastic interlayer. The inner pane is the structural member 
and is designed to carry the load of pressurization. The 
vinyl interlayer imparts a shatterproof characteristic, and 
also serves to support pressure loads when the inner pane 
The transparent conductive film is applied to the 
inner surface of the outer pane next to the vinyl interlayer. 

The transparent conductive film of stannic oxide is about 
20 millionths of an inch thick and is as hard as the glass 
itself. It is not affected by temperatures within a range 
of —75 F to +700 F. 
resistivity of 70 or 120 ohms is used per square. 


fails. 


For aircraft applications a nominal 
Electric 
connections to the film are made by means of fired-on 
metallic bus bars located along opposite edges of the pane. 

Because of nonrectangular windshield shapes and in- 
adequate control of film resistivities, the heating of the 
windshields was not uniform. Furthermore, no method 
of either measuring or limiting this variation was available. 
The points or areas on the windshields where a knowledge 
of the power dissipation is necessary are the hot spot, the 
control point (location of a temperature, sensing element), 
and the average power over the entire heated area. “Power 
constants” or ratios of the power in these areas were used 
to specify desired heating characteristics. ‘Temperature 
rises above ambient at two points will always be in the 
same ratio as the power dissipations. A windshield 
with perfectly uniform heating would have “power con- 
stants” equal to unity. 

The power dissipated at a point on the conductive film 
is found by means of thermocouple measurements. It 
was found that the temperature difference between points 
on opposite surfaces of a pane of glass, heated by means 
of the film, was related to the power dissipated at that 
point by the following formula 


Watts _ (AT in deg F) 
FT? K (glass thickness in inches) 





where 


AT =temperature difference in deg F 
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K=constant depending upon the thermal resistivity of the glass. 
This constant was found to be about 0.24 


This method of power measurement at points on the 
conductive film is used to determine that windshield power 
constants are within specified limits. 

Simulation of the most severe flight condition in the 
laboratory allowed problems of a structural nature to be 
studied. These tests subjected windshields to maximum 
pressure load, maximum power input, maximum operating 
temperature, temperature. 
Design improvements were also evaluated by subjecting 
windshields to these operational tests. 

As a result of the laboratory testing program and de- 
velopment work by the windshield manufacturers the 
following improvements in the windshields have been 
made: 


and minimum outside air 


1. Methods of applying bus bars (electrodes) were de- 
veloped which eliminated failures at the connection 
to the film. 

2. The glass temper, bending modulus of rupture, ob- 

tainable in a conductively coated panel has been 

increased through the improvement of manufacturing 
methods. The ability of the windshields to withstand 
pressure and thermal stresses was thereby improved. 

Methods of controlling film resistivity were developed. 

More uniform heating has resulted. 

4. Quality control and inspection methods were improved 
to eliminate glass and conductive film irregularities. 

5. Methods of preventing glass edge chipping at low 
temperature were developed. 


Ww 


As a result of the laboratory testing program, operating 
and installation procedures were also evolved, which 
have materially improved windshield service life. 

Aircraft windshields heated by means of transparent 
conductive films have been successfully used on a number 
of aircraft during the past several years, 1950 to date. 
Reports on these windshields have indicated that their 
performance has been most satisfactory. It is believed 
that the improvements noted above have made possible 
the successful application of this new product and have 
reduced failure rates to the point where they are no longer 
a major economic factor. The development of windshields 
heated by means of transparent conductive films has 
given the aircraft manufacturer an important tool which 
can be used to improve the safety of modern aircraft. 





* Electrically heated windshields are manufactured by the Pittsburgh Plate Giass 
Company under the trade name Nesa, and by the Libbey Owens Ford Glass Company 
under the trade name Electrapane. 


Digest of paper 54-525, “Aircraft Windshields Heated by Means of Transparent Con- 
ductive Film,’ recommended by the AIEE Committee on Air Transportation and 
approved by the AIEE Committee on Technical Operations for presentation at the 
Fall General Meeting, Chicago, Ill., October 11-15, 1954. Published in AIEE Trans- 
actions, vol. 73, pt. II, 1954 (Jan. 1955 section) pp. 408-16. 


John Ward is with the Boeing Airplane Company, Seattle, Wash. 
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Implementation of a Research Program for 
the Electrical Utility Industry 


J. E. HOBSON W. 


T the New York meet- 
A ing of the AIEE in 

January 1954, two of 
the authors presented a paper’ 
which stressed the needs of the 
electrical utility industry for 
an expanded program of re- 
search. This theme was ex- 
panded and supplemented in 
a similar paper presented before the American Power 
Conference.” 

The objective of this article is to summarize the com- 
ments received on the first two and to make further sug- 
gestions for a research program for the electrical utility 
industry. 


COMMENTS ON PREVIOUS PAPERS 


i first papers were followed up by many discussions 
with utility executives and engineers, college faculty 
members and students, financiers, economists, and leaders 
of other industries. An extremely wide range of views was 
found. There was majority, but decidedly not unanimous, 
agreement that more extensive research programs are de- 
sirable—programs which will investigate basic problems of 
the industry and provide for its long-range needs. Some 
utility executives were inclined to leave the job of research 
and development entirely to equipment manufacturers, 
being satisfied with whatever technical progress is offered 
to them. Some believed that the role of the utility com- 
panies in research should be confined to encouraging and 
co-operating with the manufacturers by proving and test- 
ing manufacturers’ research results. Others expressed 
themselves as being distressed by the duplication of efforts, 
facilities, and investments that are necessary when similar 
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The electrical utility industry has a need for more 

extensive research activities to investigate basic 

problems and to provide for its long-range needs. 

Such a program should attract the interest of 

engineering students, who oftentimes believe 

that the power industry offers little opportunity 
for creativeness. 
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M. S. OLDACRE 


and parallel research and de- 
velopment programs are car- 
ried on independently by 
several manufacturers. 

It was frequently pointed 
out that there is a very serious 
lack of knowledge about how 
much and what kind of re- 
search is now being performed 
by the utilities, and that a carefully conducted survey 
of present research activities would be very beneficial in 
evaluating the situation as it exists today. Many investi- 
gations that are really of a research character are handled 
as incidentals of system operation or new construction, 
and thus are not identified as part of the over-all research 
effort. 

The members of college faculties with whom these prob- 
lems have been discussed were in unanimous agreement 
that additional research and technical effort directed 
toward the problems of the utility industry would attract 
the increased interest of engineering students, who are now 
inclined to believe that the power industry offers little op- 
portunity to employees of imaginative and creative minds. 

Some of the financiers and bankers who were contacted 
pointed out that an active and aggressive research program 
is now considered one of the essential factors in selecting 
companies for investment, and that the electrical utility in- 
dustry would perhaps more easily attract capital needed 
for anticipated expansions, if it were more active in its 
research efforts. The record of the utility industry in this 
regard has, of course, been outstanding. 

The authors were struck by two significant impressions: 
the wide divergence of opinion on research policies ex- 
pressed by the executives of utility companies; and the 
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inescapable feeling that too many utility engineers, as a 
result of their necessary concentration on everyday prob- 
lems, do not have a clear understanding of what scientific 
research actually is, or of what research might be able to do 
to benefit the industry. 


AREAS OF RESEARCH FOR THE UTILITY INDUSTRY 


MM“ of the problems of particular significance to the 
electrical utility industry may be classified under the 
following areas of research: 


Long-range planning for system development. 
Application engineering research. 

Research in operation of utility systems. 
Apparatus development. 

Research for the future. 


Various methods for conducting research in these areas 
will be discussed in an attempt to suggest some measures 
that appear to be appropriate. 


Long-Range Planning for System Development. The utility in- 
dustry in the past has been noted for long-range planning in 
providing for its continued growth. Present methods have 
been satisfactory, but tremendous post-war growth and 
rapid industrial changes indicate that new techniques of 
planning for the future are needed, and that simple extra- 
polations of load curves do not give a true picture of power 
requirements for more than a few years ahead. 

Forecasts of load growth, published by many different 
organizations, show a disturbing diversity of opinion. Fig. 
1 shows the range of estimates of peak load to 1975, as an 
extension of the load curve since 1945. Some estimates are 
based on the growth of the recent past with a doubling of 
load about every 10 years or less; that will give a peak load 
of over 400-million kw in 1975. Other estimates apply 
correction factors to those estimates and arrive at forecasts 
nearer 225-million kw. 

More penetrating studies must be made to analyze the 
factors that affect demand upon the utility industry. These 
will include detailed consideration of expected population 
growth and migration; of the agricultural, industrial, resi- 





Full text of paper 55-144, “Implementation of a Research Program for the Electric 
Utility Industry,” recommended by the AIEE Committee on Research and approved 
by the AIEE Committee on Technical Operations for presentation at the AIEE Winter 
General Meeting, New York, N. Y., January 31-February 4, 1955. Scheduled for 
publication in AIEE Power Apparatus and Systems, 1955. 


J. E. Hobson and M, S, Oldacre are both with the Stanford Research Institute, Stan. 
ford, Calif.; W. A, Lewis is with the Illinois Institute of Technology, Chicago, III. 
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dential, and transportation needs of an area; and con- 
siderations of how the,energy needs may best be met. 
Careful consideration of these and other basic elements 
will provide a much sounder basis for making long-range 
plans for system growth, not only for the design and build- 
ing of a particular power station, but for planning 10, 15, 
or more years ahead. 

Of equal or greater interest is the probable total energy 
output of the electric systems and the production in kilo- 
watt-hours per capita. These are shown in Figs. 2 and 3. 
Even the most pessimistic estimates for 1975 show more than 
twice the present figures. This increased per capita use 
should satisfy the dreams of the commercial departments, 
but the engineering departments will need to plan far ahead 
to solve the problems of greatly increased generation, trans- 
mission, and distribution. 

Of great importance in the future will be the changing 
fuel-supply picture, not only of individual utilities, but for 
the country as a whole. Revisions currently being made 
by different authorities in the estimates of fuel resources 
make it difficult to predict how long they will be adequate 
for all needs at anywhere near present-day costs. One 
of the most penetrating of recent studies on this subject was 
reported by C. C. Furnas before the American Chemical 
Society in September, 1954. His analysis of the informa- 
tion presented in “Energy in the Future” by Palmer Putnam 
showed that, with the given expected population growth 
and increased energy use, the United States and the world 
face a shortage of conventional energy sources that will be- 
come acute in 20 to 50 years. This eventuality will have 
serious effects on factors of great importance to the electrical 
utilities and must be carefully considered in present 
planning. 

The total demand for energy in this country does not 
increase as fast as the demand for electric power, but is 
expected to about double by 1975 and quadruple by 2000. 
An indication of what may be expected in total energy 
demands and population growth is shown in Fig. 4, while 
the amount of energy available from various sources at 
costs comparable to present day costs is shown in Fig. 5. 
It may be anticipated that new or more expensive energy 
sources will be needed in the next few decades. 

The peak rate of petroleum and natural-gas production 
in the United States will probably occur in about 10 years. 
When new discoveries are no longer able to keep ahead of 
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new demands, the available supplies will have to be con- 
served and limited to the more exacting needs to which their 
application is particularly suited, such as liquid fuel for 
automobiles and airplanes, and gas for residential heating. 

The remaining needs will have to be satisfied by using 
lower grades of petroleum residues and by the increased 
and more efficient use of coal, lignite, and other solid fossil 
fuels, or by nuclear and solar energy. A possible means 
to release oil for power-station fuel is the development of 
batteries or other storage devices for economically using 
electric energy in operation of vehicles. 

The weakest part of the present position is a lack of funda- 
mental knowledge of combustion processes, and that weak- 
ness can be overcome only by research of a basic or funda- 
mental nature. 

Detailed research and economic studies of load demand 
and fuel use in a given area are local problems peculiar to 
the company or companies in the area, but the basic prob- 
lems of fuel availability and fuel processing are of such 
magnitude and over-all importance that they could be 
undertaken by the energy-using industries as a whole, pos- 
sibly through an industry association or other organization 
which would have such research as one of its major objec- 
tives. Support for industry-wide work of this type may 
properly come not only from the utilities, but from the sup- 
pliers of fuel and the manufacturers of equipment. 


Application Engineering Research. Equipment supplied by 
the manufacturers makes use of the best information avail- 
able to the manufacturers concerning the requirements of 
operation. It is well known, however, that after machinery 
is put into service, difficulties usually develop that were not 
anticipated. Improved methods of determining and eval- 
uating important characteristics are required. Investi- 
gations to improve knowledge of operating conditions and 
effects of environment can minimize these difficulties, re- 
duce maintenance expense, and improve the design of sub- 
sequent equipment. Such studies are especially important 
when the equipment is so large or complex that it must be 
assembled at its final location without trial operation under 
controlled factory conditions. Investigations of this type 
may properly be called application engineering research 
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which has been conducted in an excellent manner by many 
utilities. It consists of surveys, collection of information 
and data, laboratory and field work, operation of appa- 
ratus under actual plant conditions, careful analysis of re- 
sults, and co-ordination with similar work by other utilities 
and by the manufacturers, followed by distribution of 
results for the benefit of all. 

Some problems of this type will require more detailed 
and extensive study than many utilities are prepared to 
give, but they could be undertaken by technical committees 
of the industry, either alone or with the aid of colleges or 
research organizations. 


In some cases, the research may require the services of 
scientists or engineers in special fields not normally em- 
ployed by utility companies. It may be necessary to ob- 
tain information or to develop materials not now available. 
Thus, special laboratories and staffs may be needed. A 
few examples of areas where improvements are essential in- 
clude new materials for very high and very low tempera- 
tures; materials for use in nuclear power applications; 
insulating materials suitable for the extra-high-voltage sys- 
tems that will undoubtedly be needed in the future. 

Discussion with utility executives and engineers has 
shown that much more work of this character has been done 
by certain leading utilities than is generally appreciated. 
It is also recognized that the manufacturers are making sig- 
nificant contributions in this area and will continue to do 
so. However, it is the authors’ feeling that more active 
participation by the utilities would produce important appa- 
ratus improvements that could result in over-all economy 
for the industry. 


Research in Operation of Utility Systems. Much has been done 
in investigations regarding: the stability and control of 
interconnected systems; the proper protection of systems 
against disturbances, such as lightning; and the protection 
of system operation against the effects of sudden loss of 
generation. However, there is a growing awareness that, 
with the continued growth and expansion of utility systems, 
research on the problems of system operation is necessary, 
and that many of these problems pose a real challenge for 
further improvement. 

Not only are the ordinary operating problems of inter- 
connected systems becoming more intricate, but the re- 
quirements for operating the entire system at maximum 
economy become so complex that conventional methods of 
calculation are becoming inadequate in many Cases. 


New computing techniques are required for the quick and 
accurate determination of operating conditions for mini- 
mum system losses, and for the allocation of those losses to 
particular generating stations. There is, as yet, no clear 
understanding of the principles which will permit the ready 
determination of the most economic use of water power in 
systems which have substantial amounts of both hydroelec- 
tric and fuel power supply. Because of the increasing 
complications of power systems, the trend toward auto- 
matic operation of the systems for maximum economy is 
clearly evident. 


Only a few utilities conduct research on the effects of 
weather on the operation of the utility system; this subject 
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could be the basis of discussion to show how meteorological 
research could pay big dividends in guiding operation and 
loading of the utility system and in preparing for emer- 
gencies. The weather bureau performs a good service in 
providing the basic information, but the utilities should be 
better prepared to apply that information to its own par- 
ticular conditions. 

Another problem seems to be the lack of a clear-cut basis 
for determining the proper financial arrangements for 
power interchange between interconnected systems. 


In the administrative side of the utility business, the best 
utilization of business and computing machines in the han- 
dling of customer billing, inventory control, and other data 
processing has not been fully realized and further research 
is justified. It seems evident that a much better under- 
standing of the economics of replacing obsolescent equip- 
ment is desirable. In the establishment of rates, there is 
not yet an adequate and accepted basis for allocating the 
cost of service to various kinds of loads, thereby fully justify- 
ing rate differences for separate classes of customers. 

It would seem that better answers to these and similar 
problems would result in enormous savings, because of the 
large volume of the utility business, and would, therefore, 
justify extensive research effort by both utilities and manu- 
facturers. Manufacturers of large apparatus have contri- 
buted importantly to the solution of system problems when 
the results affected the characteristics of apparatus or ma- 
chines. Similarly, manufacturers of computing and busi- 
ness machines may be expected to participate extensively 
in research leading to the development of the most effective 
types of such machines for utility use. 

Because of the complications of mathematical and com- 
puting problems involved in many of these studies, it would 
seem that research organizations and colleges, which have 
groups of specialized personnel, could be used appro- 
priately, effectively, and with mutual advantage. 


Apparatus Development. Many utility executives have stoutly 
maintained that utility companies should have no part of 
apparatus development, but should use what has been 
offered by the manufacturers at a price which includes the 
cost of research and development. It is the belief of the 
authors that the primary responsibility of the utilities in 
apparatus development is to make sure that the job is 
properly done for the best interest of the utilities. Ex- 
perience in other industries has frequently shown that re- 
search programs are less effective if all interested parties do 
not participate actively in the planning of the work, and 
in the analysis and evaluation of the results. There is no 
reason to believe that the same is not true in the electrical 
utility industry. Many examples can be given where utility 
participation in the planning and testing of apparatus in 
the development stage has been extremely beneficial. 

When the manufacturers are not ready to undertake or 
carry forward desirable developments, the utilities may 
very properly initiate and conduct such projects alone, at 
least until they secure the co-operation of the manufacturers. 
In short, apparatus development must be a “‘two-way 
street” in which the users have an important function that 
is not always fully appreciated. 
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Research for the Future. The kinds of research and develop- 
ment discussed in the preceding sections are of direct and 
immediate interest to electrical utility companies, but in sev- 
eral instances it has been pointed out that all the essential 
information is not available, and progress will be impeded 
if new and more penetrating information and data are not 
developed, in both technical and economic fields. 

There are several areas of knowledge on which the in- 
dustry rests, where the underlying scientific phenomena are 
unknown and where further investigation may point toa 
broader understanding of the physical phenomena and 
lead to new and entirely unexpected developments. Ex- 
perience of other industries indicates that effective research 
on such problems may open up entirely new possibilities 
that will have tremendous advantages to the industry. 
Although the need is not so apparent, the returns may be 
greater than for research directed within narrower limits. 

The important feature that these areas of research (for 
essential information or for underlying phenomena) have 
in common is the necessity for a careful scientific approach, 
in which the abilities and skills of scientists such as chem- 
ists, physicists, metallurgists, and mathematicians, as 
well as economists and, perhaps, even biologists and psy- 
chologists, may be needed to make the work effective. 

Several research areas for essential information in which 
the results may be immediately applied have already been 
suggested. Other basic problems of equal importance to 
the industry could be named. Areas of research where the 
industry is in need of broader fundamental knowledge have 
been mentioned in previous papers."? These included: a 
comprehensive study of insulating materials in an effort to 
better understand their behavior, and to prepare the way 
for the development of new and more effective insulating 
materials; a more precise understanding of the factors affect- 
ing corona; a better understanding of magnetism, leading 
to possible improvements in magnetic materials; a scien- 
tific understanding of switching; the electric arc and elec- 
tric discharges in gases, liquids, and solids; studies of 
other methods of converting energy into electricity; investi- 
gation of possible new methods for electric energy stor- 
age, conversion, and transmission; new knowledge regard- 
ing the properties of steam at supercritical pressures and 
temperatures; and the possibilities for further improve- 
ments in combustion of fuels. 

It is true that a few electrical utilities are already quite 
active in some research fields either by their own engi- 
neering, technical, or laboratory staffs, or by sponsoring 
work at universities or research organizations. 

Particular mention may be made of the study groups 
engaged in the development and investigation of nuclear 
power possibilities. Others have already undertaken the 
installation of steam generators and turbines operating in 
the supercritical range. In most cases, these have been 
spectacular projects that fire the imagination and have 
great publicity values because of their promise of large 
returns. It is the belief of the authors that many of the less 
spectacular projects are of broad significance to the indus- 
try as a whole, and have great potentialities for improvement 
but are now receiving inadequate attention under present 
conditions. 
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If substantial improvement is to be made in the conduct 
of desirable research, a suitable mechanism must be estab- 
lished. In the preceding sections, several different methods 
for conducting research were discussed, and some are in 
actual use. The manufacturers of apparatus, as well as 
others outside of the power industry, have conducted much 
of the basic research but the amount of such research that 
can be financed on the prospect of early return in apparatus 
improvements or can be justified from the standpoint of 
public relations, is definitely limited, and the authors be- 
lieve that the existing methods of financing are insufficient. 

Most of the electrical industry research projects have been 
of definitely limited duration with the expectation that they 
will be terminated as soon as specified goals have been 
reached. From a long range point of view the benefits of 
continuity of effort and thinking are lost although their 
value has been demonstrated in other industries, (the chem- 
ical industry, for example) many times over. 

With these thoughts in mind, the importance of a cohe- 
sive group of scientists and engineers, including several 
areas of training and experience, assigned full time to the 
study of the industry-wide research problems, becomes evi- 
dent. It should be the function of such a group not only to 
evaluate continuously the research program of the utilities 
but also to examine and make recommendations for the re- 
search conducted by the manufacturers, and by colleges 
and research organizations whether sponsored or not, and 
to observe contributions from foreign countries. Its mem- 
bers should be ever seeking new ideas and the adaptation 
of old ideas to new situations. Such a group would form 
the liaison between the application engineers of the indus- 
try and the fundamental scientists who would be most 
effective in carrying on the more fundamental work. This 
co-ordinating group could be in a position to participate in 
the placing of contracts for sponsored research, either di- 
rectly, on behalf of an industry association, or in the guid- 
ance of individual utilities in the sponsorship of work in 
which the company was particularly interested. The essen- 
tial belief of the authors is that the implementation of basic 
research through temporary committees of engineers who 
have primary interests in other directions will not produce 
the most effective results. 

It has been tacitly assumed in the foregoing discussion 
that any such co-ordinating research group would have to 
serve the entire industry, and would most surely have to 
be supported by some form of industry association, either 
of the utilities alone, or of the utilities and manufacturers 
together. Experience in other industries and in the con- 
duct of war research has shown that research scientists, 
particularly in experimental fields, are most productive if 
they have at their disposal suitable laboratory facilities for 
the conduct of some phases of the work, to try out new ideas 
in early stages, and to check questionable parts of the work 
done by others, even if all of the work is not done under their 
direct and immediate supervision. 

It was reasoning along these lines which led the authors 
to suggest in the previous papers the desirability of an in- 
dustry-supported laboratory, in which the basic and funda- 
mental research activities could be conducted. A research 
budget in the order of one-tenth of one per cent of the gross 
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income of the electrical utility industry, was suggested as 
being appropriate after an early developmental period. 


GENERAL COMMENTS AND SUMMARY 


i the preceding sections several different phases of the 
research program appropriate for the electrical utility 
industry have been discussed, and several methods for 
accomplishing the necessary research have been outlined. 
It is believed that no single method or form of organization 
would be fully effective or most satisfactory for the conduct 
of the various classes of research to the exclusion of other 
methods. The needs are many, and the type of problems 
at hand suggest the possible method of approach that may 
be most appropriate in each case. 

The research subjects suggested as examples in the dis- 
cussion have been more or less arbitrarily assigned to the 
different phases of the program but they might have served 
equally well as examples of some other class of activity. 

However, consideration of all the different research ac- 
tivities needed seems to show that co-operative action among 
the utility companies, with the manufacturers of equip- 
ment, with the suppliers of fuel, and in special cases even 
with other groups, is essential if a full measure of success is 
to be reached. 

The long-term objective of any research program is, of 
course, to make possible improvements in the delivery of 
electric energy at lower cost, recognizing fully that the elec- 
trical utility industry deserves to prosper only if it can deliver 
energy more economically in a form which can be more 
conveniently utilized than competitive forms of energy 
delivery. Therefore, all research activity, both economic 
and scientific, must have continually in mind economic con- 
siderations, in the evaluation of improvement, and in the 
consideration of alternatives. When research is conducted 
through short-term projects, with a specific end in view, it 
becomes exceedingly difficult to give proper consideration 
to all the background economic factors. To give effective 
consideration to these aspects, it is essential that there be 
continuity of planning, guidance, and supervision of the 
over-all research program. 

The reaction of college faculties to the ideas and sugges- 
tions for a broader and more extensive research and de- 
velopment program has been expressed earlier in the 
article. The authors have previously indicated their belief 
that an expanded research program for the electrical utilities 
and a change of attitude in the utility companies regarding 
the place of research in their work would have a salutary 
effect on the interest that college graduates would have in 
the utility industry. Under present competitive conditions 
it is not sufficient simply to explain to college faculties and 
students that the utilities have challenging problems, but 
this situation must be illustrated by action and results if 
the better men are to be attracted into the industry in 
adequate numbers to meet the growing personnel needs. 
The establishment and sponsorship of appropriate research 
projects in college laboratories, and the active participation 
of utility engineers and co-ordinating scientific groups in 
the planning and conduct of these research projects can 
well be the means of restoring or creating interest in the 
power field to the college staffs and college students. 
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Otherwise, the gradual drift in emphasis in electrical engi- 
neering education will continue toward the electronic and 
communication fields, to the point where any special em- 
phasis on the needs of the power industry will be as unheard 
of as specialization in electronics and radio was 30 years ago. 

In comparing the electrical utility industry with other in- 
dustries, it appears remarkable that the industry has been 
able to avoid the establishment of some form of central re- 
search organization when so many other industries, with 
less reliance on technical background, have such organiza- 
tions in existence. In a recent report, J. Judkins, Chief, 
Trade Association Division, of the United States Depart- 
ment of Commerce has pointed out that nearly 50 trade 
associations have well staffed laboratories, for the conduct 
of technical research. He further states that roughly 300 
associations have invested their funds in: scholarships at 
engineering colleges; fellowships, etc., at research institutes 
or the National Bureau of Standards; co-operative research 
in university laboratories; or privately owned commercial 
testing laboratories for various forms of research activities. 
Although the electrical utilities, as regulated monopolies 
subject to government control, do not have the same com- 
petitive urge as manufacturers, the need for continued im- 
provement in their service to the public is just as great, and 
methods which have been found extremely effective in other 
industries should not be passed over by the electrical industry 
without convincing proof that direct research activity would 
not more than justify its costs. Any doubts that the elec- 
trical utilities are in a competitive field, in their primary 
function as suppliers of energy, are dispelled when atten- 
tion is called to the importance given to any means that 
will result in lower investment cost per kw capacity of 
equipment, or will reduce the cost of operation and main- 
tenance. The competition between electrical utility energy 
delivery and other forms of energy delivery, and the compe- 
tition between various areas of the country for industrial 
growth and the location of new plants, makes clear that the 
industry is in truth subject to all of the forces of competi- 
tion, and every means which will result in better service at 





lower over-all cost must be utilized for best results. 
private utility that does not heed this premise becomes a vul- 
nerable target for public power, whether municipal, utility 
district, or federal. 

The experience of many industries has proved conclu- 
sively that long-term research, carefully and intelligently 
conducted, will frequently pay tremendous dividends. 
However, important projects can only be brought to frui- 
tion if carried on uninterruptedly, with continuous re- 
evaluation and study, and with unflagging faith in the ulti- 
mate result. Short-term projects, with limited goals, have 
their value, but the biggest returns can be expected from the 
more penetrating studies of the bigger and more lasting 
problems. Visionary dreams still have their place in in- 
dustrial development and may be the very ideas that, if 
carefully nurtured, produce new trends and revolutionary 
developments in human progress. The authors cannot ac- 
cept the belief that the electrical utility industry is so mature 
that it has no need for entirely new methods, but only for 
improvements in existing methods of doing things. With 
the depletion of existing fuel resources becoming danger- 
ously imminent, with nuclear power upon the threshold, 
and with the challenge of solar energy as the ultimate 
means of meeting man’s need for energy when other sources 
are either exhausted or uneconomical, the pioneering spirit 
which is shown by some of the utilities must spread through- 
out the industry, which in the short space of 75 years, moved 
an item of curiosity to one of the greatest essentials of every- 
day life. The tool of the industrial pioneer today is scien- 
tific and economic research, and the electrical utility indus- 
try must find the means to utilize its full share of research 
potentialities, to insure its continued growth and success 
in the future. 


Any 
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Steel ‘“‘face” is actually top-half of turbine high-pressure 
shell. Mammoth unit is being machined on 18-foot 
boring mill at the General Electric Company’s large 
steam turbine-generator factory at Schenectady, N. Y. 

The mouth-like opening admits initial high-pressure 
high-temperature steam from the boiler into the turbine. 
The steam is then returned to the boiler for reheating and 
is readmitted into the turbine by way of the two eye-like 
openings. 

The “face”? surfaces have been whitened to facilitate 
laying out locations for subsequent machining and drilling 
operations. 

The giant shell, which is part of a 100,000-kw power- 
maker, weighs 60,000 pounds and is more than 11 feet 
long. 
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Educating Electrical Engineers to 
Exploit 


Science 


G. S. BROWN 


FELLOW ATIEE 


Are the future electrical engineers being trained 
broadly enough in the sciences? This question 
has been given serious study at the Massachu- 
setts Institute of Technology, with the result 
that major changes have been made in the 
undergraduate electrical curriculum, so as to 
better equip the students with technical sub- 
stance and professional vision. 


HE insatiable urge of man for greater command over 
a ire environment continues to expand the industrial sys- 

tem. Industry is being called upon to increase both 
quantity and quality of its product. As science opens up 
new frontiers, industry is also being called upon to establish 
wholly new products. 

The pace at which technology is asked to achieve these 
events continues to quicken. The time interval between 
the birth of a new discovery in science and its exploitation 
in industry and commerce continues to diminish. Of the 
various contributory factors, among the most dominant are, 
first, the expanding nature of science and, second, the versa- 
tility and flexibility of scientists and engineers whose roots 
are deep in the realm of science. Throughout all industry 
the boundaries between the traditional categories of engi- 
neering, such as electrical, mechanical, metallurgical, and 
so forth, are crumbling as machines and machine systems of 
greater capability and complexity must be created and kept 
running. 

The engineer who is resourceful in science, who can up- 
grade the implements of his trade as science advances, and 
especially the engineer who can couple sound judgment 
and keen intuition with his exploitation of science, is a pre- 
cious member of society. But the supply of such men is in- 
adequate in spite of the best efforts of engineering educators. 
It becomes pertinent, therefore, to pose the question: 


Should the future electrical engineers be educated first as 
electrical scientists and subsequently as electrical engineers? 


There are several pedagogical reasons that support the 
question. One is that science clearly dominates modern 
engineering. Another is that up to the turn of the century, 
many electrical engineering departments were formed 
around a body of science that had split off from physics. 
Their technical activities were focused mainly at the engi- 
neering of electricity and magnetism. A third is that there 
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has been a veering away from a training that would make 
engineers continually useful as science advances, along with 
a preoccupation with the training of men to be useful to 
specific industries immediately upon graduation. 

There are many signs that future engineers are not be- 
ing trained broadly in the sciences. This is an issue in the 
recent interim report of the Committee on Evaluation of 
Engineering Education of the American Society of Engi- 
neering Education.'_ The question has been given serious 
study by the faculty of the Department of Electrical Engi- 
neering at the Massachusetts Institute of Technology, with 
the result that major changes have been introduced into 
the undergraduate curriculum required of all electrical 
majors. In order to put a discussion of the changes in the 
proper context, a review of the heritage and growth of engi- 
neering is in order. 


THE HERITAGE OF ELECTRICAL ENGINEERING 


Bb to about the turn of the century, the mission of most 
electrical engineers was to invent, devise, and manu- 
facture a vast variety of such things as motors, generators, 
transformers, transmission lines, switchgear, relays; and 
to integrate them into great energy-processing systems or 
telephone-telegraph systems. Their tasks called for judg- 
ment and intuition coupled with an awareness about eco- 
nomic and social trends. The heritage left by these men 
is superb, for now the United States has the world’s greatest 
telephone system, and the most efficient, reliable, and ex- 
tensive electric power system in existence anywhere. Its 
power systems operate with near-perfect waveform, fre- 
quency control, and voltage regulation. However, while 
the power industry was maturing, science was opening up 
new areas of technology that attracted the interest of elec- 
trical engineers. By the late twenties or early thirties, the 
era of electronics had attained adolescence. As each young 
group of engineers expanded electronic technology in new 
directions, the teacher and student interest in the power 
area became attenuated. 

Under the World War II pressures of survival, the tempo 
of technology was fueled by the advent of many scientist- 
engineer teams. Wholly new industries came into being 
around the fields of radar, computation, television, servo- 
mechanisms, nucleonics, and many others, and captured the 
interest of the best graduate engineers. In response to the 
demands of industry for engineers who could be immedi- 
ately useful to it in these fields, engineering school cur- 
ricula tended to split from the two camps—namely, power 
and communications—that had dominated the period be- 
tween World War I and World War II, into upwards of six 


ELECTRICAL ENGINEERING 








to ten camps by the turn of the midcentury. The early 
option structure of power and electronics was expanded in 
some institutions to include such categories as industrial 
electronics, radar, and control. New subjects were added 
to overcrowd the curriculum just as more lights are often 
added to an already overlit Christmas tree. Eventually, 
educators were trapped by the dilemma of unmanageable 
specialization. (The roster of Scientific and Technical 
Personnel prepared by the Engineers Joint Council of the 
National Science Foundation lists 31 categories of special- 
ization under Electrical Engineering.) 

The growth of options led students into the habit of typ- 
ing themselves prematurely under the pretense that a cur- 
riculum with a strong vocational flavor, or patterned along 
the needs of an industry, would provide the motivation or 
vehicle for a broad basic education in the fundamentals of 
electrical engineering. Actually, this was a high price to 
pay for motivation, for it tended merely to hold captive a 
body of students for a specific industry and was no guaran- 
tee that they would agree to work within that industry nor 
that they would be offered employment in it upon gradu- 
ation. 

Options placed undue emphasis on learning the known 
art of today rather than understanding the science that 
would dominate the art of tomorrow. They perpetuated 
an academic plant that was narrow in its educational value 
and a deterrent to the development of broad creative 
thought. They were insensitive to the changing nature of 
science and to the fact that electrical engineers skilled in the 
engineering exploitation of science are not restricted to ca- 
reers in those industries normally thought of as electrical. 
These engineers are in demand throughout all industry. 

Educators traditionally say that their job is to train stu- 
dents to think. Equally important is the job of ascertaining 
clearly what students should think about. To help avoid 
the pitfall of thinking too narrowly about training men 
for the immediate job, perhaps the true role of a university 
needs re-emphasis. 


THE ROLE OF A UNIVERSITY 


N° institution of higher learning fulfills its mission by 
merely keeping abreast of today’s knowledge and by 
training men for the immediate practical industrial task.?* 
On the contrary, it should continually readjust its goals 
and remould its environment so that both faculty and stu- 
dents are concerned not only with today, but also with the 
topics, the ideas, and the issues that will dominate the world 
a decade or more hence. 

Every engineering school should foster a creative inter- 
departmental environment. It should encourage both stu- 
dent and faculty to think creatively outside the categories of 
engineering and science that have come into existence be- 
cause schools, and the engineering profession itself, have 
traditionally organized by departments. It should guide 
the student toward the creative nonconformist exploitation 
of science to do useful things in tomorrow’s world, rather 
than merely rework the solved problems of yesterday. It 
must achieve an on-campus blending of engineering, sci- 
ence, and the humanities. It must attack mature, sophisti- 
cated problems, for the blending cannot occur in a vac- 
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uum. This will mean that the environment will undergo 
constant change. The pace of the change will be dictated, 
first, by the rate at which science advances and, second, by 
the rate at which these advances are exploited at the fron- 
tiers of engineering. 


THE NUCLEUS OF ELECTRICAL SCIENCE 


— mission of electrical engineering education becomes 
clearer if one can visualize a nucleus or a conceptual 
model of electrical science. The blend of technical sub- 
stance that forms this model must be broad enough to serve 
the expanding systems and nature of electrical engineering. 
One statement of a conceptual model is that: 


All so-called electrical devices are manifestations of how a 
creative engineer has exploited the interactions between 
charge carriers, their fields, and materials. 

The charge carriers are ions, electrons, and even the new- 
comer, the hole. The fields are static and dynamic. The 
materials interact with the fields by virtue of their physical 
properties, or magnetic domain structure. The engineer’s 
goal in the exploitation of this conceptual model is to bring 
into existence an array of engineering systems to perform 
useful functions. 


This model touches every facet of an engineer’s life, 
whether in research, in development, in manufacture, or in 
business. All devices patterned after this model, when 
welded into systems, support two great missions of the elec- 
trical engineer: the first being to process and transmit in- 
formation; and the second being to exploit energy. Ful- 
fillment of the former mission has created such industries 
as radar, radio and wire telephony, television, instrumen- 
tation and measurement, electronics, computation, and 
controls. The lusty newcomer, automation, is its latest off- 
spring. Fulfillment of the latter mission furnishes the 
means which turn the wheels of American industry and 
provide the basis of modern civilization. Here the dom- 
inant issue is to exploit energy for energy’s sake. The 
fulfillment of either mission is dependent on the same hard 
core of science. The hardware and the systems that come 
into being for each mission, and their functions, undergo 
rapid change as science advances. 


THE PRESENT STATE OF AFFAIRS 


M*~ of the best minds in letters, science, and engineer- 
ing have been challenged by the mission to process 
and transmit information. In an ever-increasing degree, 
expertness at it is becoming dependent upon an ability to 
make quantitative deductions from hypotheses and ab- 
stractions and to deal with matters that can be neither seen 
nor felt. The scope of the mission is increasing. It will 
play a significant role in the future development of the in- 
dustrial economy and military strength. 

The academic life that supports this mission is virile and 
creative. It is usually backed up by a well-equipped mod- 
ern and flexible educational plant. | On-campus research 
is extensive and easy to cultivate at both student and staff 
levels. The faculties are able and the students are attracted 
in large numbers. 

In sharp contrast with this situation is the fact that since 
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the early thirties, academic work pointed toward the exploi- 
tation of energy in the field of electric power has decreased 
in vigor and has attracted fewer young men. The explana- 
tion for this may stem from the fact that the industry has 
been preoccupied with the task of expanding its facilities 
under the restrictions of government regulation as isolated 
monopolies, Although tremendous progress has been 
made, instances where sharp changes in engineering prac- 
tice occurred in response to new developments in science 
were rare. As unrestricted money for the sponsorship of 
on-campus research by students and faculty were almost 
nonexistent, power option faculties decreased in number and 
the students were drilled almost wholly in the solved art 
of the past within the power industry. Their bandwidth 
was from 0 to 60 cycles. Much teaching equipment 
supporting this field was allowed to become old, and by 
comparison with electronics and communications, was pon- 
derous, inflexible, and lacking in scope for the cultivation of 
student resourcefulness. 

The academic atrophy that now exists in this field dis- 
turbs educators as continued growth of the economy neces- 
sitates expanding the base of electric power. Complex 
processes of energy conversion, control, and utilization re- 
quiring engineering skill of the highest order continue to 
increase. Already there are nuclear fission, solid-state 
energy converters such as the solar battery, supersonic 
aviation, high-temperature metallurgy, chemical syn- 
thesis, and many others. These, coupled with major ad- 
vances in magnetic, dielectric, and semiconductor materials 
which permit wholly new solid-state devices, will expand the 
field and create a great need for a new type of engineer. 
But as power engineering has been presented to students, 
it has failed to attract sufficient numbers with sufficiently 
high intellectual ability and creative breadth to meet the 
needs. On nearly every campus power engineering has 
become the poor relation, both financially and intellec- 
tually, by contrast with the fields that support the mission 
to process and transmit information. <A sharp and decisive 
reversal of this situation is needed. 


A SUGGESTED BREAK WITH TRADITION 


3 gw faculty of the department of electrical engineering 
at the Massachusetts Institute of Technology has con- 
ducted a harsh review of its own practices relative to these 
matters. It has drastically revised its undergraduate cur- 
riculum: first, to broaden and deepen the science instruc- 
tion for all students; second, to strengthen its training in 
electrical engineering by a revision of its laboratory fa- 
cilities to permit more creative work by students with better 
integration of the sciences; third, to preserve equal oppor- 
tunity for every student to choose his subsequent career by 
subordinating mention of vocational aspects of electrical 
engineering until a strong science foundation has been estab- 
lished; and fourth, to recognize the wide variety of interest 
and talent among students by allowing a wide choice of 
elective study in the senior year.’ It is now clear that the 
break with tradition must be so great that it will take sev- 
eral years to learn how to achieve these aims. 

As initial moves toward these aims, the department has: 


1. Abandoned all educational plans based on vocational 
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options and established a core curriculum for all electrical 
majors.® 

2. Discontinued instruction in traditional a-c and d-c 
machinery and disposed of much conventional equipment in 
its machinery laboratory. 

3. Initiated new subjects of instruction for about half of 
its core curriculum to broaden and deepen the student’s 
understanding of the science of fields, materials, and energy 
conversion. 

4. Initiated the development of new laboratory doc- 
trines and facilities to focus a student’s attention on the 
objectives of laboratory investigation rather than on instru- 
ments, methods, or techniques, and to afford him a tan- 
gible opportunity to study the fundamental concepts of 
science and to synthesize devices and engineering systems 
illustrative of them. 

5. Attempted to revitalize the old field of power by 
initiating graduate student and staff research in the broader 
field of energy conversion, control, and utilization. 


The precise meaning of this approach is best illustrated 
by reference to some of the subjects that are offered. 


THE REVISED CURRICULUM 


HE arrangement of the curriculum is shown in tabular 

form in Table I. The work of the electrical depart- 
ment begins in the sophomore year with a 2-term sequence 
on circuit theory, including laboratory studies on circuits 
and circuit elements. The treatment is broad. About 80 
per cent of the book, “Introductory Circuit Theory,” by E. 
A. Guillemin, together with supplementary notes, is used as 
text material. Methods of analyzing nonlinear as well as 
linear circuits, appropriate to power as well as to com- 
munications, are emphasized. Statics is treated as a spe- 
cial case of dynamics. Computational aids, such as ana- 
logue computers, are mentioned to encourage students to 
attack advanced practical problems. 





Table I. Electrical Engineering at MIT, 195-545 
Freshman 
a Sere 7, eT ree Mathematics... Elective....... Humanities 
co See eee UT TET Ee Mathematics. ..Elective....... Humanities 
Sophomore 
ee ee eT Mathematics. ..Applied........ Humanities 
circuits, 6.00 mechanics 
PUR. ssa Velede BNE iA cient div Mathematics...Applied....... Humanities 
circuits, 6.01 mechanics 
Junior 
Electronic........ Fields, materials. ..... Mathematics. ..Thermo., ...... Humanities 
circuits 6.02 and components 
6.03 
Apoiled. . i secieiss Elec. energy con-..... 2 Electives—both out of....Humanities 
electronics 6.05 vertors, 6.04 department 
Senior 
Energy trans-...... Power modulators, . . .2 Electives—inside or outside. . . . Humanities 
mission and 6.06 department 


radiation 6.07 

Integration of above courses via free elec-.......... PO dint ss aw cieeion Humanities 
tives influenced by student’s aptitudes 
and interests 





Leads to commencement 


followed by 
Graduate study and research, 


On-the-job training in industry, or 
SM, EE, ScD self development by the graduate 











Note: Subjects 6.00 through 6.07 include both classroom and laboratory. Both 
Junior and Senior subjects are influenced by research of faculty and graduates students, 
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While the sophomore students study circuit theory, they 
also study humanities, applied mechanics, physics with 
emphasis on fields, and mathematics up through differential 
equations. 


TWO MAIN STEMS 


ie electrical subjects of the junior year comprise two 
main stems. The stems are not options. They blend 
with each other as they develop, and as teaching personnel 
transfer back and forth between subjects. They extend 
into the first term of the senior year and broadly support the 
two missions discussed. One stem treats the role of elec- 
tronic devices and the basic principles of application of such 
devices to perform electrical engineering functions such as 
rectification, amplification, modulation, oscillation, and 
energy radiation and transmission, as related appropriately 
to both information, and energy processing by electronic sys- 
tems. The other stem treats fields, materials, devices, and 
engineering functions such as energy conversion, power mod- 
ulation, and control, with emphasis on higher power sys- 
tems. The approach followed in the development of both 
stems exploits the conceptual model by showing the stu- 
dent that an electrical engineer has unique ability to ex- 
ploit electric charges and their associated electric and mag- 
netic fields in engineering problems, that all devices are 
built of materials, and that materials interact with the 
fields. From this elementary viewpoint, he is led to appre- 
ciate that all electric systems are basically the result of a 
creative engineer’s ability to exploit the combination of 
fields and materials to accomplish specific needs. Accord- 
ingly, instead of training students as in the past, merely to 
understand traditional devices such as transformers, mo- 
tors, generators, or specific kinds of amplifiers, a broader 
comprehension of a scientific background is coupled with 
the basic mission of electrical engineers. 


THE ENERGY-CONVERSION STEM 


os third year work in the energy stem builds on the 
second year work in physics. The content of this stem 
is treated in some detail because it represents the major 
change in the curriculum. 

The first subject, Fields, Materials, and Components, is a 
cornerstone in the new program. It is still in the trial 
stage. As now offered, it treats electromagnetism starting 
from Maxwell’s equations, and emphasizes the relationship 
between fields and network parameters and the physical 
bases of the electric and magnetic properties of materials. 
It aims to introduce the universality of the field theory 
throughout the entire range of electrical engineering as it 
relates to the operation of circuit components, energy- 
transfer devices, and energy converters. The student is 
brought into first contact with the atomic structure aspects 
of materials, both as to their known properties and as to 
why they have these properties. It is hoped to show him at 
an elementary level something of the scope that lies ahead 
in the exploitation of new kinds of materials in electrical 
engineering. In the laboratory the students plot and meas- 
ure 2- and 3-dimensional fields for diverse boundary con- 
ditions, conduct elementary studies on dielectric and mag- 
netic materials with a view to relating microscopic behavior 


Fesruary 1955 


Brown—Educating Electrical Engineers 


to atomic structure, and investigate quasi-static lumped 
parameters. 

The second subject of this stem, Electrical Energy Con- 
verters, compares the various methods of electric energy 
conversion, and emphasizes the importance of electricity as 
the transport medium for energy of all levels and functions. 
It illustrates the importance of electromechanical energy 
conversion and justifies an emphasis on this process and on 
its devices. The point is made that the electromechani- 
cal energy conversion process manifests itself by its effects 
on the connected systems in the form of forces, voltages and 
currents, which are the reactions of the coupling fields on 
the conducting, dielectric, and magnetic boundaries of the 
device. The student is shown that the behavior can be de- 
termined either by integrating the reactions over the bound- 
ary surfaces, or by resorting to the concepts of equilibrium 
and virtual work, leading to the generalized treatment of 
energies and the use of Lagrange’s equation. 

These principles are applied to devices ranging in con- 
struction from the simple 1-circuit transducer to the multi- 
circuit rotating machine and in function from the signal and 
instrumentation devices to the bulk energy converters. 
Energy flow in these devices is traced through the fields. 
Analysis is carried out by linear and nonlinear circuit tech- 
niques. System representations are made in terms of ap- 
propriate functions. Laboratory experience with typical 
devices complements the analysis. 

The mission of this subject is to set the background for the 
study of energy-conversion devices in systems and to pre- 
pare the student for the apparent trend in this field toward 
more sensitive transducers, more controllable conversion 
devices—conversion devices operating at higher speed, 
frequencies, and temperatures—and the use of new direct 
solar-, thermal-, chemical-, and nuclear-electric conversion 
methods to supply the energy needs of tomorrow. 

The third subject, Power Modulators, treats the dynamics 
of energy conversion and control devices with specific em- 
phasis on devices used at higher-power levels. The dy- 
namics of energy-conversion devices always involve non- 
linear differential equations, and general solutions to these 
equations are not obtainable. The study of device dy- 
namics, therefore, requires that complete systems be con- 
sidered in order to make reasonable approximations and 
simplifications. 

Power modulators and their connected systems are stud- 
ied using elementary feedback concepts and terminology. 
This includes the concept of gain and time constant of first- 
order systems, the relationship between frequency response 
and time response of linear systems, the ideas of absolute 
and relative stability, and graphic methods for representing 
system response. 

Two important classes of power modulator are treated. 
The first ernbraces electric transfer devices in which the 
input, the output, and the control are all electrical quan- 
tities. ‘The modulation properties of these devices are re- 
lated to the functional nonlinearities of the electrical param- 
eters. Typical examples of this class of power modulator 
are the switching-type amplifiers, such as magnetic and 
thyratron amplifiers. 

The second class of power modulator is the electrome- 
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chanical converter. This modulator is capable of control- 
ling the flow of relatively large quantities of energy between 
two electric systems by means of mechanical command 
signals, or it is capable of controlling the conversion of 
energy from a mechanical system to an electric system by 
an electric or mechanical command signal. The modu- 
lating or controlling characteristics of these modulators are 
made possible by designing the devices so as to allow me- 
chanical freedom of motion between current-carrying con- 
ductors or coils. Examples are the commutator-type a-c 
and d-c machine, induction machines such as the servo- 
motor, and synchronous machines under steady-state or 
quasi-steady-state operation. 

The dynamic analysis of power modulators is treated 
using electric-circuit methods rather than electromagnetic 
field methods. ‘The equations of motion for the power mod- 
ulators are obtained from Lagrange’s equation, and ma- 
trix algebra is used to reduce these equations to forms best 
suited for each application. Throughout the subject, dy- 
namics and control concepts are stressed and steady-state 
concepts are minimized. 

Laboratory studies with devices and systems are being de- 
veloped to support the classroom analysis. Most notable 
is the extent to which electronic techniques have entered the 
laboratory activity. The task of devising and building labo- 
ratory facilities for these energy conversion and power mod- 
ulation subjects that will yield tangible opportunities for 
resourcefulness by the student offers one of the big challenges 
in the whole program. It is proceeding. 


THE INFORMATION-PROCESSING STEM 


TI the information-processing stem, each student studies 
a 2-term sequence of electronics, Electronic Circuits 
and Applied Electronics, to show the role of electronic de- 
vices in modern technology. The sequence introduces 
methods of representing a nonlinear device such as the high- 
vacuum or gas tube and the transistor, and it leads to a con- 
cept of piece-wise linear or linear-incremental circuit mod- 
It treats functions such as amplification, modulation, 
oscillation, information processing, and limitations on sys- 
tem behavior from such factors as nonlinearity, noise, and 
the effects of inherent residual circuit parameters. It leads 
to the synthesis of simple electronic systems for specific 
objectives. Each student draws on the resources of a well- 
equipped laboratory. 

The third subject of this stem, Energy Transmission and 
Radiation, also correlates closely with the first subject in the 
energy stem. It treats wave motion, its behavior in physi- 
cal structures having dimensions comparable with the wave- 
length, and its specific application to energy transmission 
and radiation. It reviews the relations between dynamic 
fields and lumped circuits, and extends these to the concepts 
of wave impedance and radiation impedance. The labora- 
tory for this third subject offers the opportunity to investi- 
gate quantitatively such topics as the limitations of lumped 
constant models in electrical and acoustical environments, 
1-dimensional wave motion on transmission lines, 2- 
dimensional wave motion in plane waves, and elementary 
radiation and diffraction patterns in space. 


els. 
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LABORATORY INSTRUCTION 


Bip vata work is a regular part of each core subject 
and is directed at the technical and _ professional 
growth of the student on a broad plane. In addition to 
illuminating in a practical way the classroom theory, the 
laboratories provide an integrated series of organized ex- 
periences which develop engineering judgment, ability to 
plan, confidence in making compromises, teamwork, ability 
to observe effectively, skill at technical writing, and inde- 
pendent creative thought and initiative. Many of these 
objectives are served by an organizational pattern whereby 
the student is required to assume a progressively increased 
responsibility for the planning and execution of his labora- 
tory work, over and above the mere mastery of experimental 
facts and techniques. For example, during the sophomore 
year the student is, among other things, made aware of 
laboratory equipment and effective experimental method 
by means of a series of problems which always yield a few 
challenging surprises. During the junior year the students 
themselves, with periodic counsel from assigned instruc- 
tors, plan their attack on problems and select the equip- 
ment to be used. The instructor, should subtly hold the 
student’s attention on the objectives of the study to off- 
set his tendency to become preoccupied with mere in- 
struments and the taking of data. During the senior year 
the student is urged to take the additional step toward crea- 
tive thought and initiative by defining problems at the fron- 
tiers of his experience and interests around an idea, by de- 
composing the idea himself, and by carrying through to a 
formal engineering paper. 

The laboratory instruction and the facilities for about 
one-half of the revised curriculum are in the first stage of a 
process which will converge by means of successive approxi- 
mations. Laboratory topics are being filtered for adoption 
or discard at a rapid rate as the staff appraises its total ac- 
complishment. It has been learned that students should 
not be hurried in the laboratory, and experiments should 
be physically simple but technically comprehensive, with a 
view to developing in the student a true sense of scientific 
inquiry. 


ELECTIVES 


— student must elect at least one humanities subject 
each term, with the stipulation that the humanities 
In his 
junior year he must, each term, also carry two elective sub- 


sequence establish some depth in at least one area. 


jects outside of the electrical department. For many stu- 
dents the faculty suggests that these electives comprise a 
third year of mathematics and a third year of physics 
pointed toward modern physics. One-half the load for 
the first term of the senior year comprises the two remain- 
ing subjects of the stem sequence. The rest of the senior 
year comprises the two subjects in humanities, five pro- 
fessional electives, and a thesis. 

Wide latitude is allowed students in the selection of pro- 
fessional electives. Students interested in graduate work, 
or research and development in a creative technical en- 
vironment, are advised to elect scientific or abstract sub- 
jects—for example, advanced mathematics, solid state 
physics, molecular phenomena of materials and their tech- 
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nical applications. It is felt these students will have 
received broad training in electrical science as well as train- 
ing in electrical engineering. On the other hand, those 
students who tend to be form- or thing-conscious, rather 
than abstract-idea conscious, or who have a high degree of 
tangible ingenuity in contrast with sharply developed skill 
at creative scientific reasoning, are advised to choose elec- 
tives from a wide range of more practical topics, either in or 
out of the department. These electives may comprise 
manufacturing, management, engineering design, or such 
electrical engineering subjects as Feedback Control Prin- 
ciples, Electrical Implementation, Principles of Radar, 
Machine-Aided Analysis, Electronic Control and Measure- 
ment, Communication System Engineering, or Engineering 
Acoustics, depending upon each student’s talents and 
interests. 


CONCLUSION 


i is hoped that a program will be achieved which will 
equip students with the technical substance and pro- 
fessional vision needed for sustained creative develop- 
ment, and backed up by a deep sense of their social re- 
sponsibility. 

Work on the program has just begun. All the sub- 
jects.in the energy-conversion stem are new, as are about 
half of the content of the information-processing stem. 
The third subjects in each stem were offered to students for 
the first time in the fall term of 1954. The first class to have 
studied under the new program will graduate in June of 
1955. 

The accomplishments to date are pleasing, but they are 
still considered far from satisfactory. It is expected that 
the core subject substance and the laboratory facilities will 
need reworking for 3 or 4 years. The skill and technique for 
presenting the material to the students needs much im- 











These two giant silencers, installed in a midwestern 
utility company are reported to be the biggest ever made, 
according to the manufacturers, Burgess-Manning Com- 
pany, pioneer industrial noise abating equipment company, 
Libertyville, Ill. 

Each snubber is 74 feet high, 12 feet in diameter, and 
weighs 70,000 pounds. These giant silencers are so 
big that they had to be shipped in three sections for in- 
stallation. 

Various acoustic tests on the snubbers have been com- 
pleted and they are working effectively. They are de- 
signed to silence the exhaust of two 5,000-kw simple cycle 
gas turbine generating units. 

Snubbers are used for subduing many types of industrial 
noise from steam exhausts and ejectors, internal combustion 
engines, compressors, blowers, vacuum pumps, and air 
intake. 

The snubbers are also utilized for various other purposes 
such as surge control. 
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provement. New class notes, with related problems, are 
being prepared for five of the eight core subjects. 

It is felt engineering students are unlikely to be moti- 
vated by a straight mathematics and science curriculum. 
Therefore, a virile evolving curriculum, well integrated 
with real engineering problems and a challenging labora- 
tory program, led by a sincere faculty, are essential. 

A research program has yet to be established in the area 
of energy conversion of a magnitude and at a pace that the 
program needs. It is felt that without a vigorous faculty 
research effort, the program will not long endure. 
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maximum output of 19,250 
shaft hp. The capital invest- 
ment requirements for this 
vessel are summarized in 
Table I.* For present pur- 
poses, the power plant will 
be treated independently of 
the rest of the vessel, so con- 
sideration need be given only 


The application of atomic power to the C-4 
Mariner-Class cargo vessel is analyzed in some 
detail. It shows that at present nuclear power 
cannot compete on a strictly economic basis 
with conventional power plants. However, 
other factors such as weight, space, speed, and 
range considerations would also enter into any 
complete evaluation of the application of atomic 
power for marine purposes. 


T the present time a 
A great deal of interest 
is being shown in the 
possible use of nuclear energy 
for many commercial applica 
tions including shipping. Un- 
fortunately, little information 
directly applicable to marine 
applications has been re- 


leased by the Atomic Energy 

Commission (AEC). The 

AEC, however, has declassified a significant amount of 
data on land-based atomic power plants and particularly 
on proposals made by private-industry study groups. 

This article is an initial result of a Westinghouse study of 
a possible application of nuclear power. The study is 
covered by an industrial-participation contract with AEC 
and is financed by Westinghouse. 

In this article, the land-based plant information is used 
to give some insight into the possible application of atomic 
power for propulsion of merchant vessels and particularly 
the C-4 Mariner-Class cargo vessel. Principal emphasis is 
given to the economic aspects of this new energy source. 
An economic comparison is made between nuclear and 
conventional fuels for the C-4 operating at normal power 
and in normal service. Certain factors that may influence 
the application of atomic power, such as, released fuel-oil 
space and weight, longer cruising distances between refuel- 
ing operations, higher vessel speeds, etc., are discussed. 
Military advantages of atomic power, although very sig- 
nificant, are not reviewed in this article. 

A brief summary of the significant characteristics of the 
reactors proposed by the industrial study groups will show 
some of the factors involved in the selection of nuclear power 
plants for marine applications. 


THE C-4 MARINER CLASS CARGO VESSEL 


Bae C-4 cargo vessel of the Mariner Class"? will be used 
to illustrate the application of atomic power to com- 
mercial vessels. The C-4 propulsion plant has an output 
of 17,500 shaft hp at a cruising speed of 20 knots, and a 


Table I. C-4 Mariner Class Cargo Vessel Capital Investment 


Requirements 





Turbines, shaft, screw, etc. 
Boilers and auxiliary equipment 


Miscellaneous facilities and working capital 
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to the first two capital invest- 

ment figures in the table. 
This procedure is adequate when comparing two power 
plants that are designed to deliver the same shaft hp, 
which will be done in this article. 

In an economic comparison of power plants, the follow- 
ing cost factors should be included: operation; mainte- 
nance and repair; capital costs—interest, depreciation, in- 
surance; and fuel. 

Whereas data are available on the operating costs of 
conventional marine power plants, corresponding informa- 
tion on the cost of operating an atomic marine plant is not 
available. For this reason, the assumption will be made 
that operating costs are the same for the two plants. This 
assumption will suffice for present purposes, particularly if 
special costs associated with the handling of nuclear fuels 
are included in the cost of the fuel. 

MacMillan and Ireland,‘ included maintenance and 
repair costs at 1.5 per cent of the capital investment in the 
power plant, which allows for an increase in these costs 
with investment. This same assumption will be made; 
however, its significance will be discussed later. 

The capital costs given in Table II were used by Mac- 


Table I. Fixed Charges on Investment 





Per Cent 








Interest 
Depreciation 


Maintenance and repair 








Millan and Ireland‘ and the same values will be adopted in 
this article. The 9.5 per cent total for the first three items 
is intended to represent average annual charges over a 20- 





Full text of a conference paper presented at the AIEE Winter General Meeting, New 
York, N. Y., January 18-22, 1954, and recommended for publication by the AIEE 
Committee on Nucleonics. 


R. L. Witzke and S, A. Haverstick are both with Westinghouse Electric Corporation, 
Pittsburgh, Pa. 
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year plant life. Adding main- 


Table II. 


Reactors Proposed by Industrial Study Groups 





tenance and repair at 1.5 per 
cent results in a total annual 


fixed charge on investment of Fuel 


Coolant 
Temperature F 
Moderator In Out 


Pressure Vessel 
Height, 
Feet 





Diameter 





11 per cent. Such items as 
overhead, taxes, and profit 
normally are not related to 
a marine power plant so are 
not included. The annual 
fixed charges will be varied 
over a range of 9 to 13 per 
cent to show the influence 


Slightly enriched 
uranium 
Natural uranium 
Slightly enriched 
uranium 
Slightly enriched 
uranium 


uranium 


Highly enriched...... None Used 


(core size) 
« PO acuta se aGa oe 3 
(core size) 





of this factor on the economic 
comparisons. 

Fuel costs will be retained 
as a primary variable in com- 
paring conventional and nu- 
clear fuels. The cost of fuel 


I, II—Commonwealth Edison Company-Public Service Company of Northern Illinois. 
III, VI—Pacific Gas and Electric Company-Bechtel Corporation. 
IV, V-—-Monsanto Chemical Company-Union Electric Company of Missouri. 


Table IV. Rating and Cost of Land-Based Atomic Power Plants Proposed by Industrial Study 


Groups 





oil will be varied over a range 
of $2.00 to $4.00 per barrel. 
A fuel oil density of 340 


Reactor 
Heat 


Output’ Mw 


—=— 


Estimated Plant Cost 


Per Net 
Electric Kw 





Electrical Output-Mw 








pounds per barrel and an en- 
ergy content of 18,500 Btu per 
pound will be used. 

In combining fuel and capi- 





tal costs it is necessary to take 
into account annual load fac- 
tor. MacMillan and Ireland 
based their conclusions on a load factor of 60 per cent for 
cargo vessels and 90 per cent for tankers. The Harvard 
Report® assumed 170 days at sea at 10,000 shaft hp in a 
study of the C-4 cargo vessel. Considering both the days 
at sea and the “‘less than full power” operation, the latter is 
equivalent to a load factor of 26.6 per cent. A range in 
load factor from 25 to 100 per cent will be considered. 


*Includes D,O at $80 per pound. 
tIII, VI—Same as Table III. 


STEAM PRODUCTION COSTS 


A’ normal power and service, the C-4 cargo vessel con- 
sumes 9,100 pounds of oil per hour based on 18,500 


Btu per pound of fuel oil. Using a boiler efficiency of 88 
per cent, the boiler output is 148 million Btu per hour or 
43,500 kilowatts. At 340 pounds of oil per barrel, the 
hourly fuel consumption to obtain this boiler heat output 
is 26.8 barrels. The annual steam production costs, which 
include the cost of fuel as well as the annual fixed charges 
on the boiler plant investment, can be obtained as follows: 


P=C/100 (boiler cost)+Lf/100 (235,000), where (1) 


P=annual steam production cost in dollars 
C=per cent annual fixed charges on investment 
L=per cent annual load factor 

=cost of fuel oil in dollars per barrel 


The figure in the second term of the equation is the 
annual fuel oil consumption at 100-per-cent load factor, 
based on 8,760 hours and 26.8 barrels per hour. 


THE REACTOR PLANT 


r this presentation, the reactor plant, which includes the 
reactor and its associated equipment, is a steam pro- 
duction plant that replaces the conventional oil-fired 
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boiler. A possible arrangement of a reactor plant is illus- 
trated in Fig. 1.1 The heat, which is produced by fissioning 
atoms in the fuel elements in the reactor, is removed from 
the reactor by a coolant, and transferred to heat exchangers 
where it is used to produce steam. The entire reactor 
plant is surrounded by heavy shielding to protect operating 
personnel from the intense radiations produced by nuclear 
fission within the reactor. The reactor is controlled by 
means of control rods inserted into the reactor core. 

The steam turbines and associated equipment for an 
atomic plant would essentially be the same as in a conven- 
tional oil-fired plant. 

Assuming Uranium 235 (U-235) as the fuel in a reactor 


CD 
L 
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EQUIPMENT 




















CONTROL 
CONSOLE 


Fig. 1. A typical reactor plant 
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Table V. Estimated Cost of Reactor Plants Proposed by Industrial 


Study Groups 








Estimated Costs 


Turbine-Electric Reactor Plant 
Plant $/Kw Millions of $ 





Steam 


Reactor Temperature, F 


= 
Il 
IIIf. 
er 
Vit. 


til, Vi—Same as Table III 


plant, an equation can be derived for steam production 
costs in the nuclear plant. The energy released per gram 
of U-235 consumed is approximately 20,000 kilowatt hours, 
so 2.175 grams of U-235 would be required per hour to 
produce the same heat output as 26.8 barrels of oil. A total 
annual consumption of 19,100 grams would be required to 
operate the C-4 at 100-per-cent load factor. The annual 
steam production costs can then be determined as follows: 


P=C/100 (reactor plant cost)+Zn/100 (19,100), where (2) 


P=annual steam production cost in dollars 
n=cost of U-235 in dollars per gram 


If the reactor plant is to compete on an economic basis 
with the conventional boiler, the annual steam production 
costs must be as low as for the conventional plant. 


PERMISSIBLE REACTOR PLANT COSTS 

Spey on the relations developed in the previous sections, 

it is possible to determine permissible reactor-plant 
investment costs as a function of the cost of nuclear fuel. 
In order to simplify the required steps, this will be done 
first for annual fixed charges of 11 per cent, a load factor of 
50 per cent, and fuel oil at $3.00 per barrel. Under these 
conditions, and using the C-4 boiler cost of $500,000, the 
annual steam production cost is $407,000, 
ventional fuel. Substituting the above values in equation 
2, the permissible reactor plant cost is equal to 3,700,000— 
86,800 n dollars. This cost is plotted in Fig. 2 for a range 
of nuclear fuel costs. This method of plotting permissible 


using con- 


Fig. 2. Permissible 
cost of reactor 
plant for C-4 cargo 
vessel. o—U-235 
cost based on 
natural uranium at 
$35 per pound and 
an investment of 
$5'/, million; x— 
U-235 at $20 per 
gram and an in- 
vestment of $5'/, 
million; L—per- 
cent load factor; 
F—fuel oil cost; C—annual fixed charge on investment; A—in- 
vestment cost would be increased if the atomic plant efficiency 
were lower than the C-4 plant; B—fuel element fabrication, 
fuel handling, reprocessing, etc. will increase cost of U-235. 
Fig. 3 (right). One general form of pressurized water-cooled and 
-moderated reactor 
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Table VI. The C-4 Mariner Class Cargo Vessel 





Shaft hp, maximum 
Shaft hp, normal 


Fuel oil, maximum capacity, tons 
Boiler output, normal power, normal service: 


Fuel consumption, pound per hour 
Heating value of fuel, Btu per pound 
Approximate boiler efficiency, per cent 
Boiler output, millions of Btu per hr 
Boiler output, megawatts 
Superheater outlet pressure, psig 
Superheater outlet temperature, F 





investment and nuclear fuel cost is similar to the one 
adopted by Walker Cisler for land-based plants.® 

It will be noted that with the 50-per-cent load factor, 
reactor-plant cost cannot exceed $3,700,000 even with zero 
nuclear fuel cost; and with zero investment cost, the fuel 
cost cannot exceed $42.70 per gram. 

Also plotted in Fig. 2 are corresponding curves for 
other load factors, the data being obtained in the same 
manner as for the 50-per-cent load-factor case. 


REACTOR TYPES 


| i is of interest to compare the permissible costs in Fig. 2 
with available unclassified investment and fuel costs. 
However, the essential characteristics of a number of 
reactors will be discussed first. 

One general form that a water-cooled and -moderated 
reactor might take is shown in Fig. 3. It is not patterned 
after any actual reactor but will serve to illustrate the opera- 
tion of water-cooled reactors. In this figure the reactor core 
is located inside a spherical pressure vessel. The core itself 
is in the form of a right cylinder and constructed somewhat 
like a fire tube boiler with the tube sheets at the top and 
bottom. Coolant channels between these tube sheets 
contain the fuel elements. The cooling water passes 
through the annulus between the fuel element and the 
coolant channel. As shown in this figure, the moderator, 
which fills the space between the coolant channels, is 
circulated through a separate external circuit for heat- 
removal purposes. Details relating to control, fuel handling, 
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etc., have been omitted from 
the illustration because their 
discussion is beyond the scope 
of this article. 

In reactors that use a com- 
mon fluid to perform the func- 
tion of the coolant and mod- 
erator, a separate moderator 
cooling circuit may not be re- 
quired. Reactor I in Table 
III, IV, and V is a heavy- 
water-moderated and -cooled 
reactor using natural uranium 
as a fuel.6? The pressure 
vessel is a 20-foot sphere pres- 
surized at 800 psi. Reactor II 
uses light water as the coolant 
and moderator and slightly 
enriched uranium as the fuel.” 
Reactor III is a heavy-water- 


BORON STEEL CONTROL 


REMOVING ALUMINUM TUBES’ 
CONTAINING RADIOISOTOPES 


LONG GRAPHITE 
HOLDERS (STRINGERS) 


moderated and _ light-water- 
cooled reactor fueled with 
natural uranium.®? 

The large graphite-moder- 
ated reactor similar to the ones at Oak Ridge and Hanford 
is shown in Fig. 4. Their mass is principally graphite and 
they are fueled with natural uranium. In this 
tion the fuel is in the from of slugs located in horizontal 
fuel channels.® 

The Hanford reactors are water cooled and are operated 
The heat produced is 


illustra- 


at relatively low temperatures. 
dumped because the temperatures are too low for practical 
power production. 

Reactors IV and V in Tables III, IV, and V are graphite 
moderated but use sodium as the coolant in order to obtain 
reasonable temperatures without a pressurized system.®’ 
These reactors require slightly enriched uranium in place 
of natural uranium for their fuel. 

The experimental breeder reactor at Arco, Idaho® is 
shown in Fig. 5. The declassified literature states that the 
core of this reactor is about the size of a regulation football. 
The core is surrounded by what is referred to as a breeding 
blanket. Neutrons that escape from the small core are 
absorbed by the U-238 in the blanket, the U-238 being con- 
verted to plutonium. This type reactor does not use a 
moderator and depends on fast neutrons to produce fission. 
Liquid metal rather than water is used as the coolant. 

In the fast breeder as proposed by the Pacific Gas and 
Electric Company-—Bechtel Corporation Study Group, 
reactor VI in the tables, the core is roughly 3 feet in diam- 
eter and 3 feet high and contains highly enriched fuel 
material.*?7_ The diameter outside of the breeding blanket 
is about 8 feet. 


REACTOR PLANT COSTS 


A summary of the estimated cost of the six atomic 
power plants proposed by the industrial study 
groups®’ is given in Table IV. The cost estimates include 
the reactor plant, which is the steam production portion of 
the atomic power plant, as well as the turbine-electric 
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The graphite-moderated reactor 


The figures for reactors I and III include the cost of 
Table IV were 


plant. 
the required heavy water. 
taken directly from unclassified AEC reports® and from one 
Electrical World article.’ the 
cost of the reactor plants without the turbine-electric 


The costs in 


Table V is an estimate of 


portion of the total plant. In some cases the published in- 
formation did not include separate figures for the reactor 
plants, so estimates had to be made. This was done by 
estimating the cost of the turbine-electric portion of the 
plant for the steam conditions arrived at by the study 
groups. Average costs from Federal Power Commission 
reports were obtained and then modified for the steam flows 





Fig. 5. Artists conception of experimental breeder reactor 
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ig. 6. Estimated cost of reactor plants 


Moderator 


that would be encountered in the nuclear plants. In 
estimating the costs for reactor II, the turbine steam 
temperature was assumed because no value was given in 
the unclassified literature. A comparison of Table III 
and V will show that the steam temperature for the water- 
cooled reactors is slightly lower than the reactor coolant 
inlet temperature. In the case of reactor II, a steam tem- 
perature equal to the reactor coolant inlet temperature was 
assumed. This assumption is adequate for present purposes 
because small changes in steam temperature will have little 
influence on plant cost. 

The reactor plant cost is then obtained by subtracting 
the turbine-electric plant cost from the total plant cost. 
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Fig. 7. Influence of fuel-oil cost on permissible reactor-plant cost. 
Note: See Fig. 2 for nomenclature 
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These costs as given in Table V apply for reactor plants 
with heat outputs as given in Table IV. In evaluating 
costs for other reactor thermal outputs the costs were 
assumed to vary as the 0.6 power of the heat output of the 
reactor. This rule is used in the chemical industry for 
extrapolating the cost of process plants as a function of 
plant output. The use of this same rule has not been estab- 
lished for reactor plants; however, the similarity between the 
reactor and chemical process plants indicates that the costs 
of these plants should vary in somewhat the same manner. 

The estimated costs of the six plants are plotted in Fig. 6 
for thermal outputs down to 40 megawatts. It will be 
noted that the reactor plant costs vary over a wide range 
for a given heat output, the cost of the heavy-water-mod- 
erated and -cooled being the highest and the light-water- 
moderated and -cooled the lowest. 


A COST COMPARISON 


A comparison will now be made between conventional 
and nuclear steam-production plants. 

As shown in Table VI, the boiler output of the C-4 at 
normal power is 43.5 megawatts. Referring to Fig. 6, the 
lowest reactor plant cost with this heat output is 5'/, 
million dollars, which is for the light-water-moderated and 
-cooled reactor. 

Very little unclassified information is available on the 
cost of nuclear fuels. Dr. Zinn used a cost of $35.00 per 
pound for natural uranium and $20.00 per gram for U-235.° 
In the article Dr. Hafstad is quoted as saying, “the $20 per 
gram figure is almost certainly low;” so it can be seen that 
the available information is somewhat limited in value. 
Dr. Zinn’s figures, however, will be used because no other 
ones are available. 

It should be noted that the light-water-moderated 
and -cooled reactor, as proposed by the Commonwealth 
Edison Company, used slightly enriched uranium as a 
fuel. The cost figures in Fig. 6 were obtained by varying 
the reactor plant cost as the 0.6 power of the heat output, 
which assumes that the size of the reactor must decrease 
somewhat in proportion to the reactor heat output. As 
the reactor size is decreased, the fuel enrichment must be 
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increased in order to compensate for the higher neutron 
leakage in small reactors. The actual enrichment required 
for the C-4 application cannot be determined from the 
available information. Furthermore, the cost of uranium 
as a function of enrichment cannot be established at this 
time. Using Dr. Zinn’s figures for natural uranium and 
U-235, the cost of enriched uranium, however, can be 
bracketed. As one pound of natural uranium contains 
3.23 grams of U-235, the cost of the contained U-235 is 
$10.80 per gram, based on $35 a pound for natural uranium. 
The cost of enriched uranium therefore should fall between 
$10.80 and $20 per gram of U-235. 

Referring to Fig. 2, the circle represents costs of $10.80 
per gram for U-235 and 5'/, million dollars for the reactor 
plant. The cross represents the same investment cost, but 
with U-235 at $20 per gram. It is evident that with 
present cost figures and reasonable load factors, nuclear 
energy cannot compete on a straight economic basis with 
conventional fuel. It should be borne in mind, however, 
that the cost figures used in this analysis are based on a new 


and undeveloped technology, and that technical progress 


will result in significant cost reductions. 

The investment cost in Fig. 2 is based on a reactor plant 
having the same heat output as the C-4 boiler plant, the 
latter producing steam at 600 psig and 865 F. Ifthe reactor 
plant produces steam at a lower temperature than the C-4 
plant, its heat output will be higher than the C-4 boiler. 
Of course, this would have an influence on the cost of 
the reactor plant. The reactor on which the cost data in 
Fig. 2 is based is designed for relatively low temperatures. 
It, however, was designed for plutonium as well as power 
production. A single-purpose plant, producing power 
only, no doubt would be designed for higher steam tem- 
peratures. If the steam conditions influence the cost of the 
turbine plant, the permissible reactor-plant cost must be 
modified accordingly. 

The cost range of $10.80 to $20 per gram for U-235 
assumes no charges for fuel-element fabrication, fuel 
reprocessing, or capital charges on fuel inventory, all of 
which will increase the nuclear fuel cost. 

The influence of fuel-oil cost on permissible reactor- 
plant cost is shown in Fig. 7. It is based on a 50-per-cent 
load factor and an annual fixed charge rate of 11 per cent. 
Fig. 8 illustrates the influence of variations in the annual 
fixed-charge rate. 


OTHER TANGIBLE AND INTANGIBLE FACTORS 


cy factors that will influence marine application of 
atomic power include space and weight, speed and 
cruising range considerations, etc. 
has capacity for 3,800 tons of fuel oil, all of which would 


The C-4 cargo vessel 


not be required with a nuclear power plant. The nuclear 
plant, including shielding, probably will weigh more than 
the conventional boiler plant. However, considering both 
plant and fuel, a net-weight savings should result. A de- 
tailed study, possibly including a vessel design, would be 
required to evaluate these weight factors. 

The small space and weight associated with nuclear fuels 
make it practicable to design for long cruising ranges 
between refueling operations, which will have merit in 
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some applications. Higher speeds, with reasonable cruising 
ranges, also are more readily obtained with nuclear 
plants, because of fuel space and weight considerations. 


SUMMARY AND CONCLUSIONS 


N this article, the available declassified information on 
land-based atomic power plants is used to give some in- 

sight into the possible application of atomic power for ship 
propulsion. The application of this new energy source to 
the C-4 Mariner-Class cargo vessel is analyzed in some 
detail. The results show that nuclear power cannot com- 
pete with conventional power plants at this time, at least 
not on a straight economic basis. However, advances in 
reactor technology will improve the competitive position 
of this new energy source. 

Other factors, such as weight, space, speed, and range 
considerations, will influence the application of atomic 
power for marine purposes, and must be included in any 
complete evaluation. Military advantages of nuclear 
power, although very significant, are beyond the scope of 
this article. 
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Electrostatic Electron Microscope 


A new type of electron microscope, capable of magnify- 
ing an object 100,000 times, has been given to Stevens 
Institute of Technology, Hoboken, N. J., by the Farrand 
Optical Company. The device magnifies a specimen 20, 
000 times by direct viewing, while photographs of the 
magnified image can be enlarged up to 100,000 times. 

The new machine resembles in appearance a small 
desk, with a viewing glass and regulating dials on its top. 
The viewing scope has a small screen similar to that on a 
television set, which permits the operator to observe the 
image directly. A permanent record of a specimen can be 
obtained by photographing it by means of a built-in camera. 

Stevens is one of the few colleges with a laboratory where 
electron microscopy is taught. Occasionally, work is done 
for commerical organizations who arrange for the labora- 
tory’s services. 
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Field Tests on a 100-Megawatt Rectifier Installation 


J. K. DILLARD 
MEMBER AIEE 


HE 100-megawatt rectifier station at the Robert P. 

Patterson Plant of the Reynolds Metals Company is 
the largest concentration of d-c power on a single bus in 
this country. Power for the plant is obtained from 24 
double-Y ignitron rectifier assemblies, each rated at 
5,208 amperes and 800 volts. In March 1954, an exten- 
sive field-test program, involving both load switching and 
arc backs, was conducted at this rectifier station. 

Power interruptions on rectifier installations may occur 
either because of involuntary loss of a-c power or because 
of voluntary shutdowns, the latter often resulting from 
emergency conditions in the cell room. On older installa- 
tions, the maximum current is around 60,000 
amperes, voluntary load drops are usually made by master- 
tripping the cathode circuit breakers. Where this practice 
is followed, the highly-inductive potline causes about half 
of the normal load current to shift to the last rectifier to 
clear.! If load is dropped by interrupting the a-c circuit 
with auxiliary power kept on the firing circuits, any anode 
ig free to conduct and the decaying load current can divide 
between all the rectifiers. For this reason, the latter 
method was recommended for making voluntary trips 
at large rectifier stations.' The purpose of these tests 
was to substantiate this practice. 

Four load-dropping tests were made. These showed 
that partial reduction in load by phase delay (control), 
before tripping the a-c circuit, has negligible effect on the 
transient currents. Delay is desirable on planned trips, 
however, to reduce the magnitude of load which is abruptly 
dropped from the power system. 


where 


In one test the auxiliary 
power source was tripped simultaneously with the a-c 
circuit, a situation which would prevail in case of power 
failure. None of the tests showed transient cathode cur- 
rents higher than 2.2 times the current carried at the 
instant the operation was initiated. On previous tests,! 
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where master-tripped cathode breakers were employed, 
transients roughly four times as high were recorded. 

High-speed anode and high-speed cathode circuit 
breakers are employed to clear arc backs at this plant. 
Use of high-speed breakers in both circuits differs from the 
conventional protection system. Most large installations 
are protected by high-speed anode breakers with current 
limiting reactors on the a-c side of the rectifier transformer 
in those cases where the fault current can exceed equipment 
fault current ratings. 

Objectives of the tests were to compare fault currents 
obtained in the field with calculated values and to observe 
arc-back phenomena at a large rectifier station. Eight 
transition arc backs were obtained and oscillograms from 
one of these are shown in Fig. 1. Magnitudes of fault 
current taken from curves developed on the analogue 
computer? check values measured on test within 10 per cent, 
a good check in view of the lack of exact values for all the 
circuit constants. 

When sympathetic arc backs occur on a rectifier, the 
duration of the fault on the system is increased with corre- 
sponding increase in the disruptive effect of fault current 
stresses. Not a single sympathetic arc back occurred on 
any of these tests. The controlling factor in the production 
of sympathetic arc backs is the magnitude of forward-flow 
current fed into the original arc back by other ignitrons 
on the same transformer group. Forward-flow currents 
are kept at a minimum through the use of high-speed anode 
circuit breakers. 

Results of the test show: the best method for making 
voluntary load interruptions on large rectifier installations 
is by a-c line circuit breaker operation with auxiliary 
power maintained on the rectifiers; in case of power 
failure, high transient currents do not occur, but there is 
some shifting of currents between parallel rectifiers; the 
arc-back protection system consisting of high-speed circuit 
breakers in both the anode and cathode circuits showed 
excellent interrupting capability; calculated values of 
fault current obtained from analogue computer studies 
may be used with confidence; and with the ignitron 
design and protection system employed at this installation, 
the data indicate that sympathetic arc backs will not occur. 
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Effect of Synchronous-Machine Transient Rotor Saliency 


Cc. CONCORDIA 


FELLOW AIEE 


iy most studies of power system disturbances made on the 
a-c network analyzer, the transient rotor saliency of the 
synchronous machines is neglected. The validity of this 
assumption is well established. However, in some cases it 
has been desirable to measure the variations in several of 
the bus voltages during the disturbance. When the bus is 
electrically near to a synchronous machine (in the limit, 
when the voltage in question is at the terminals of one of 
the synchronous machines), the validity of neglecting sal- 
iency may be questioned. 

The paper presents curves of voltage variation at the 
terminals of a synchronous machine both including and 
neglecting machine saliency. From these curves, an esti- 
mate of the error involved in particular bases may be ob- 
tained. 

‘Rotor saliency”’ as used here is a general term meaning 
that the quadrature-axis (or interpole-axis) reactance is 
different from the direct-axis (or pole-axis) reactance. 
This concept can be applied to the subtransient, transient, 
or steady-state condition. However, the quadrature-axis 
and direct-axis reactances must be defined under the same 
conditions. The word “saliency” derives from its usage in 
the steady state since the difference between quadrature- 
axis reactance and direct-axis reactance in the steady state 
usually arises due to the presence of salient poles. During 
transient or subtransient conditions, the difference in the 
electric characteristics of the rotor windings in the two 
axes, rather than the difference in magnetic permeance, 
causes a difference in the two reactances. 

The system analyzed consists of a synchronous machine 
tied through reactance to an infinite bus. Three initial 
load conditions on the synchronous machine were con- 
sidered : 


1. Full load, unit terminal voltage, 0.8 power factor. 
2. Full load, unit terminal voltage, 1.0 power factor. 
3. Zero load, unit terminal voltage, zero current. 


The initial tie-line reactance was taken as 0, 0.2, 0.4, and 
0.8 per unit on the machine base. The direct-axis react- 
ance of the machine is 0.3 per unit. (This will be inter- 
preted as the transient reactance.) The quadrature-axis 
reactance of the machine was given three values: 0.3 (no 
saliency, to correspond to the usual assumption made in 
transient stability studies), 0.6, and 1.2. These three values 
of quadrature-axis reactance should cover the range found 
in most applications. The value of direct-axis transient 
reactance is larger than may be found at the terminals of a 
turbine-generator, but is taken as being possibly the most 
nearly representative value for a range of cases. 

From the voltage vector diagram of this system the initial 
values of system voltage and machine field flux may be 
determined. Both of these quantities are assumed constant 
during the subsequent disturbance, and the resulting value 
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of terminal voltage calculated. Two kinds of disturbances 
are considered: 


1. The angle 6 of the machine relative to the system is 
varied, corresponding to a swing of the machine. 

2. The system reactance x2 is varied, corresponding to 
the switching out or in of some line or other part of the 
system. 


The results are given in the complete paper in the form 
of 17 figures. A typical example is shown as Fig. 1 of this 
digest. 

It is concluded that it is not possible to dismiss com- 
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pletely the effect of synchronous-machine transient rotor 
saliency on voltage variations. Saliency may be negligible 
in some cases, but it is suggested that in general the curves 
of the paper may be used to help determine whether or not 
saliency is significant. If it is, then it either can be properly 
taken into account in the study, or these curves may be of 
assistance in obtaining estimates of correcting factors. The 
effect of saliency is most pronounced in those cases where 
sudden changes in system reactance, as viewed from the 
machine in question, are involved, as compared to those 
cases where only angular swings are involved. 

The r2sults reported here do not invalidate the usual 
practice of neglecting synchronous machine transient sali- 
ency as far as stability limits are concerned. 
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Lighting a Modern Refinery Process 
Unit 


E. A. CLARKE 


ASSOCIATE MEMBER AIEE 


N the years since World 
War II, much engineer- 
ing research has been 

done on the design of proper 
illumination. 
have been written on the light- 
ing of residences, churches, 
streets, shop buildings, sports 
areas, commercial buildings, 
and plants. 
However, it appears that insufficient attention has been 
given to the lighting of chemical and refinery process units, 
and that more thought and analysis should be applied by the 
electrical engineer toward providing illumination of the 
same top-notch quality as is seen in every other feature of 
today’s modern refinery. 

In the past, it was thought that the cost of lighting was a 
necessary evil, to be classed with janitor services and 
garbage disposal. It was something that had to be en- 
dured, and as long as the boss could see his way around 
when he inspected the plant, the lighting was perfectly 
satisfactory. Happily, management’s thinking has changed 
considerably over the years, and now the people who do 
not realize the value of good illumination are in the 
minority. Improved lighting has proved itself in produc- 
tion increases, time after time, in every industry. The 
worker’s accuracy of vision is improved; his speed of vision 
is increased; his morale is raised because his tasks are made 


tion in work areas. 


Many volumes 


manufacturing 





Fig. 1. 

for the valves, manifolds, etc. by means of floodlighting. Each 

portion of the area should be lighted from two directions to mini- 
mize harsh shadows 


Adequate illumination is obtained in this pumping area 
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Within the past few years more attention has 
been paid to increasing and bettering illumina- 
While progress has been 
made in outdoor lighting, there is room for im- 
provement in those exteriors where 24-hour 
operations need adequate lights. 
article applies to a refinery, there are ideas 
applicable to many industries. 
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easier and more comfortable; 
and when the number of 
footcandles goes up, the num- 
ber of accidents goes down. 

It must be emphasized that 
the purpose of illumination is 
seeing and a lighting system 
cannot be designed without a 
thorough knowledge of the 
seeing tasks which will be 
performed. With this in mind, consider a typical process 
unit, one that might be found in any refinery or chemical 
plant. 

In general, the unit may be divided into several areas, 
according to the types of seeing tasks to be performed: 


Although this 


Outdoor operating equipment areas. 
Ramps and walkways. 

Driveways and yard areas. 

Control room. 


Each of these areas requires a different type and/or level 
of illumination and must be considered individually when 
laying out the lighting system. 


OUTDOOR OPERATING EQUIPMENT AREAS 


Bes: operating equipment areas require a higher level 
and better quality of illumination than any other out- 
door area within the unit, because in these areas are located 
the motors, pumps, compressors, turbines, valve manifolds, 
exchangers, electric switchgear—in short, all the equip- 
ment requiring routine operating attention, either visual or 
manual. The lighting should be adequate not only for 
routine operation, but also for mechanical and electrical 
maintenance. Process units operate around the clock, and 
the chances are better than one in three that mechanical 
troubles will occur after dark. If emergency lighting must 
be set up for a vital pump to be put back in service, the cost 
of the additional time required in down-time of the unit 
might well pay for the adequate permanent lighting system. 

The minimum level of illumination in these equipment 
areas should be 5 footcandles (ft-c), average, maintained in 
service. This recommendation, however, is not complete. 
In such areas as these, what is meant by “average?” In 
general, the average level is thought to be the sum of a large 
number of meter readings taken thoughout the areas, 
divided by the number of readings. By such a definition, 
then, a 5-ft-c average might be obtained by installing one 
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powerful source of light in the middle of the area, yielding, 
say, 500 ft-c directly under it, and as little as 0.1 ft-c at the 
edges of the area. Such a system would, of course, be 
ridiculous. In most equipment areas will be found 
myriads of overhead piping, stanchions, and other obstruc- 
tions to a smooth, even distribution of light. Light sources 
must be located so that dark shadows will not be cast on oil 
gauges, valve handwheels, or any other piece of equipment 
which may require attention. See Fig. 1. 

The foregoing recommendation can be restated more 
completely: the number of lumens required to illuminate an 
equipment area shall be sufficient to provide an average 
level of 5 ft-c on a horizontal plane considering no obstruc- 
tions, and the number of luminaires shall be such that no 
objectionable shadows occur between pumps, behind ex- 
changers, or in any other portion of the area. The utiliza- 
tion of light in these areas is affected to a tremendous extent 
by the painting of the piping, structures, and mechanical 
equipment. In locations where surfaces are dark and 
dirty, a satisfactory lighting system is practically impossible. 
See Fig. 2. 

It is evident from this that the electrical engineer, before 
beginning his design, must become familiar with the mechan- 
ical equipment and piping layouts of the unit, and should 
have formed a mental picture of the completed installation. 

The lighting system usually employed in these areas con- 
sists of a number of local fixtures, 100-300 watts, with dome 
or shallow-bowl reflectors, supported from adjacent struc- 
tures or from their own conduit, in a gooseneck fashion. It 
is evident that a large number of such fixtures will be re- 
quired because of their necessarily low mounting heights if 
objectionable shadows are to be eliminated. 


Consider a different approach to the problem. The sun 
does an excellent job of lighting most parts of these 
areas, and from above. If the natural lighting from above 
during the day is excellent, artificial lighting should be 
placed up high and illuminate from above at night. In 
other words, floodlight all possible areas. Of course, there 
will be many locations where illumination from floodlights is 
impractical, such as areas under solid roofs, under rows of 
piping, and between towers. But usually the majority of 
the areas can be very satisfactorily lighted from several 
floodlight pole locations. 


What are the advantages of floodlighting? 


In many cases, the inital cost will be less. This is 
especially true where the locally mounted fixtures must be 
explosionproof. The floodlights, being located high and 
at a distance from the equipment, will probably not be 
required to be explosionproof. 

Maintenance costs will be less. Although the fixtures 
are located at the tops of poles, they are grouped, and with 
one trip up each pole, the maintenance man can relamp 
and clean every fixture in the area. Group lamp replace- 
ment here is very desirable. With the fixtures located high 
and at a distance from the equipment, they will be less 
likely to collect dirt, grease, and other foreign matter. 

The smooth, even distribution of light obtainable from 
floodlighting is superior to that from the locally mounted 
fixtures. 
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Fig. 2. The operating equipment from above, showing the effect 


of asphalt spillage on the quality of illumination. This illustrates 
the fact that it is practically impossible to light properly a dark and 
dirty surface 


To be free from direct glare, the floodlights should be 
mounted at least 40 feet above the ground, and usually 
not more than 60 feet. Floodlights should be the heavy- 
duty type, cast aluminum, to withstand the effects of the 
corrosive atmospheres found in chemical plants. Five hun- 
dred- and 1,000-watt floodlights, with lenses and polished 
reflecturs, have been used successfully, but since the ad- 
vent of the all-weather reflector lamps, the unenclosed flood- 
light has been employed with great success. See Fig. 3. 
Costing roughly 15 per cent of the enclosed fixture, in- 
cluding the lamp, the use of these 500-watt lamps in 
gasketed cast aluminum lamp holders has effected tre- 
mendous savings in the cost of floodlighting. Mainte- 
nance costs are reduced because fixture cleaning is elimi- 
nated. When lamps are replaced, so also are the lenses and 
reflectors. 

Frequently, in chemical plants, floodlights are supported 
on tubular steel poles. Such poles can be a hazard to 
maintenance personnel. It must be remembered that the 
inside surfaces of these steel tubes are completely inaccessi- 
ble and cannot be maintained. And evidences of structural 
weakening of the poles due to corrosion may not be evident 
from the exterior until actual failure. If steel floodlight 
towers are to be used, they should be of the exposed-truss 
type, where the condition of all structural members can 
be readily inspected. 

Where their appearance is not objectionable, creosoted- 
wood poles may be employed. They are less expensive 
initially and require less maintenance. Some maintenance 
people feel that the shock hazard is less with wood poles, 
since the electrician is not grounded when relamping. 

Service to floodlights may be overhead open-wire, but 
usually it is in underground conduit, because of the inter- 
ference of the overhead wires with mobile mechanical 
equipment. 

Lighting of higher intensities than those previously recom- 
mended may be required for equipment of an especially 
hazardous nature. Modern chemical processes are calling 
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for higher temperatures and pressures than were thought 
possible a few years ago. For example, in a process unit 
there was a pump which handled 98-per-cent sulphuric acid 
at several thousand pounds of pressure. A pinhole ap- 
peared in the packing which caused a stream of colorless 
acid the diameter of a pencil lead to spray across a walkway. 
Fortunately this was discovered before any injury occurred, 
but it illustrates the need for higher lighting intensities 
around such hazardous equipment to detect small failures 
which might result in serious injury. 


RAMPS AND WALKWAYS 


Ses lighting for ramps and walkways, particularly 
elevated walkways, should be designed with the 
primary thought for the safety of operating personnel. A 
minimum of 3 ft-c should be maintained in service in these 
areas. Particular attention should be given to stairways 
Locations 
where tripping hazards exist, such as above-ground piping 


and any change in elevation of a walkway. 


and curbs, should be provided with extra illumination. 
Low overhead clearances, both for personnel and mobile 
mechanical equipment, when not properly lighted is an 
invitation Distinctive painting of such 
obstructions using contrasting colors, together with the 
supplementary lighting, greatly reduces the hazards. The 
cost of this kind of lighting is small compared with the cost 


to an accident. 


of a disabling injury to an employee. 


DRIVEWAYS AND YARD AREAS 


T most process units, there are spaces between the equip- 
ment areas, around the control house, or around the 
edges of the unit in which no mechanical equipment is 





Fig. 3. 
floodlight pole. 
towers at heights above the practical range for floodlighting 


Five 500-watt reflector lamps are used in this yard on each 
Note the 150-watt fixtures near the tops of the 
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located and in which no actual work is performed. The 
lighting here must not be overlooked. A minimum average 
of 1 ft-c is recommended for these areas. Although these 
areas are meant to be kept clear, there may be some equip- 
ment or tools left about, and this minimum illumination is 
necessary for the safety of personnel. In the event of re- 
pairs to equipment, these normally clear areas will be used 
for storage, material handling, and other traffic, and the 
lighting must be adequate for such cases. 

Floodlighting here is almost mandatory. The low 
illumination level, the usually large areas, and the need to 
keep the areas clear, all point toward floodlighting from 
poles near the edges of the area. 

In designing the lighting for areas immediately outside 
the control room, it should be kept in mind that the pupils 
of the eyes of a person emerging from the well-lighted in- 
terior will require a few moments of adjusting to the lower 
levels of illumination. Fixtures mounted on the exterior 
of the control room walls adjacent to the doors will solve the 
problem. 


CONTROL ROOMS 


WwW" types of seeing tasks are performed in the control 
room? In a modern process unit, there are three: 
reading the instruments, recording the readings, and re- 
pairing or adjusting the equipment. The first two tasks 
dictate a minimum average level of 30 ft-c. The third 
task determines the quantity of illumination behind the 
control panel, and this should not be less than 10 ft-c. 

Where possible to class the interior of the control room 
as a general-purpose area, consideration should be given to 
use of slimline or rapid-start fluorescent lamps. See Fig. 4. 
The higher illumination level certainly points in that direc- 
tion, and by their use, a more pleasing, smoother, and cooler 
installation can be made. The general decor of the interior 
will determine whether industrial- or commercial-type fix- 
tures will be preferred. 

Care must be exercised in locating the fixtures for the 
illumination of the face of the control board. Shadowless 
lighting is required to read some of the smaller instruments 
and gauges. Every instrument has a glass face which 
presents an excellent mirror surface for reflecting the glare 
from the overhead light fixtures, and incidence-reflection 
angles must be checked so that the faces of the instruments 
will be glare-free. Diffusing glass lenses are desirable on 
the fixtures illuminating the control board to reduce the 
reflected brightness. Fixtures with asymmetric lenses have 
been successfully used for control-board lighting. An 
excellent method of lighting the board is to tilt the fixtures. 
Here one entire continuous row of fixtures, usually fluores- 
cent, is mounted at an angle facing the board, and the ceiling 
is offset by the difference in elevation between the front 
edge of the fixtures and the back edge. 

The rear side of a modern instrument panel is usually a 
maze of electric conduit and instrument tubing, which 
makes shadowless lighting almost impossible. Much 
benefit can be gained, however, by painting the dark 
surfaces, such as instrument cases and tubing, a dull white. 
This diffuses and scatters the light into hard-to-reach 
places. 
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SPECIAL LIGHTING 
ema may be some locations which require a special 
type of lighting other than the general types previously 
discussed, Instruments such as pressure gauges and tem- 
perature and flow recorders may be located in the equip- 
ment areas or along walkways and will require supple- 
mentary lighting for accurate reading. See Fig. 5. Such 
lighting might be had from a single fixture with an asym- 
metric reflector mounted to the front and above the instru- 
ment. 

Gauge glasses or liquid-level columns, in which the level 
of a liquid must be observed, also presents a special lighting 
problem. | Lighting fixtures, incandescent or fluorescent, 
designed especially for illuminating these gauge columns 
are available and are recommended for this service. 


TEMPORARY LIGHTING 


A’ important item in the electrical design of process 
units, which is often overlooked or underestimated, is 
adequate facilities for serving temporary lighting for major 
unit turnarounds. In some of the larger units, 15 or 20 
kw in string lights required for inspection 
and maintenance work inside towers, reactors, and other 
vessels. This load must be served from plug receptacles 
located throughout the unit, and there are seldom, if ever, 
too many receptacles to serve all the temporary lighting 
needed by the maintenance forces. Receptacles should 
be connected to circuits not serving permanently installed 
lighting, and individual investigations should be made of 
each unit to determine the number and capacity required. 


may be 


EMERGENCY LIGHTING 

S’ if the process unit is completely lighted, there is plenty 
of light where it is needed, there are no dark shadows, 
no safety hazards because of improper or insufficient light, 
and the operators’ morale is high. It is 1:00 a.m. when a 
fault occurs in the primary cable serving the entire unit. 
Motors and pumps are moaning to a standstill and the 
operators are stone blind. They find their flashlights and 
manage to get out to operate the necessary valves to 
prevent further damage, but their instruments are electri- 
cally operated and so are of no use during the time when 

they are needed most—when the unit is in trouble. 
Emergency lighting is important. The cost of lost 
operating time as well as damage to equipment resulting 
from power failure may exceed many times the cost of 
emergency lighting. Many plants which have motor- 
driven pumps and other equipment have also steam turbine- 
driven spares, so that the plant may be kept “‘on stream” in 
the event of a power failure. Such plants must have emer- 
gency lighting. This may be in the form of an auxiliary 
generator, or a separate primary circuit brought in to an 
automatic transfer switch. In the event of a loss of power 
on the main primary circuit, the switch automatically 
transfers the critical loads to the auxiliary primary circuit. 
Such loads are the instrument circuits, the lighting for the 
control board, and possibly one or two lights strategically 
located outside in the operating areas. In many cases, it is 
possible to split the lighting load for the entire unit, and 
permanently connect half to each primary circuit, reserving 
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Fig. 4. Slimline-fluorescent surface-mounted ceiling fixtures 
illuminate this control room. Flush-mounted fixtures in continu- 
ous rows are used for illuminating the control board 





Fig. 5. 
places under the platforms show the need for locally mounted 


Although floodlights are used to light this area, the dark 


fixtures 


only the instruments for automatic transfer. 
well illustrate the adage: ‘“‘A stitch in time saves nine.’ 


Such systems 
> 


IMPORTANCE OF PROPER MAINTENANCE 


LL too often a lighting system is installed and then 
forgotten about, except to replace lamps when they 
burn out. Proper results from such a neglected lighting 
system cannot be expected and full returns from the invest- 
ment cannot be realized. Globes, reflectors, and lenses 
should be cleaned every time a fixture is relamped, and in 
extremely dirty areas, once or twice between each relamp- 
ing. In plants with a large number of lamps, investiga- 
tions should be made of the economics of group lamp re- 
placements. Because of the present high labor costs, such 
replacement programs have resulted in great savings. 
Lighting is a production tool in the hands of a human 
seeing machine, the efficiency of which is greatly influenced 
by the effectiveness of that tool. Good lighting means 
greater ““P-E-M-S”: Production, Efficiency, Morale, and 
Safety. 





Field Current Sources for Electric Defibrillation 
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MEMBER ATEE 


gone certain conditions, the heart may lose its rhyth- 
mic pumping action and cease the circulation of 
blood. This situation is known as ventricular fibrillation 
and may occur during surgical procedures or as a conse- 
quence of electric shock. Normal heart action may be 
restored by passing an electric current of suitable character- 
istics through the heart. In the operating room, de- 
fibrillation is accomplished by applying electrodes to the 
heart directly and passing a 60-cycle alternating-current 
of from 1.5 to 2 amperes through the heart (120 to 135 
volts). When fibrillation results from an electric shock 
received under field conditions, electrodes cannot be ap- 
plied to the heart directly but may be applied to the sur- 
face of the body to permit sufficient current to flow through 
the heart to effect defibrillation. In animal experiments 
with electrodes at the chest,' defibrillation has been ac- 
complished reliably by the use of 60-cycle alternating-cur- 
rent, 480 volts, 15 amperes applied for periods up to about 
1 second. Sucha current first brings the heart to a stand- 
still; upon interruption of the current, the heart will 
usually resume its pumping action provided the elapsed 
time between the onset of fibrillation and the application of 
defibrillation current is not excessive. 

The purpose of this discussion is to outline briefly the re- 
sults of an investigation of various power sources suitable for 
use in the field where commercial power may not be 
available. These sources must be able to provide de- 
fibrillation current having the characteristics outlined 
above. Fig. 1 is a chart indicating the various devices that 
have been investigated. 

Consideration has been given to the use of a turbine- 
driven generator using a propellant charge. This results 
in a unit having an estimated weight of about 60 pounds. 
The development cost would be approximately $20,000 
and subsequent unit costs about $1,800. 


FIELD SOURCES OF ALTERNATING 
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A battery driven motor-generator set has been considered 
in which use is made of a relatively new type of storage bat- 
tery that is capable of extremely high discharge rates. 
This battery employs zinc and silver as the electrode ma- 
terials and can provide as much as 1,350 amperes for 30 
seconds, or 630 amperes for 5 minutes. The weight of the 
battery together with a suitable motor-generator set would 
be about 320 pounds and the cost about $3,500. 

A generator driven by a separate gasoline engine has 
been shown to have particular merit. A relatively light- 
weight a-c generator may be employed together with a 
suitable gasoline engine. Such a unit on a wheelbarrow- 
type mounting would weigh about 450 pounds and cost 
about $700. Its rated output is 15 amperes, 220 
volts, 60 cycles, 3-phase. Defibrillation current could be 
supplied single-phase using a step-up transformer. This 
unit could be used for routine field operations in addition 
to being available for defibrillation use. The routine 
field operations contemplated include the use of power 
tools, blowers, heaters, lights, and battery charging for 
radio communication. These uses would increase the 
reliability of starting the engine for defibrillation use and 
without routine use, doubt would be entertained as to the 
ability of a stand-by unit to start promptly when required. 
Conceivably, the unit might be in operation when needed 
for defibrillation. 

A multitapped transformer might be used as the energy 
source on circuits up to 2,400 volts. Such a transformer 
would provide input voltage taps for 120, 240, 480, and 
2,400 volts for connection to the circuit causing the shock. 
The output voltage would be 480 volts and current capa- 
bility, 15 amperes. A disadvantage is the possible time 
delay in making connection to the exposed circuit, especi- 
ally where an overhead line is involved. An advantage 
is low weight—approximately 50 pounds—and low cost— 
less than $100. Use of the transformer is based on the 
premise that shocks obtained from circuits of voltages in 
excess of 2,400 volts would not produce fibrillation. 

The other energy sources indicated in Fig. 1 appear to be 
less promising than those discussed in the foregoing. 

Of the four types of field power supplies discussed, the one 
that appears to hold the greatest promise is the separate 
engine-driven generator-set used for routine field operations, 
as well as being available for defibrillation use. 
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Difference Equations for Magnetic Amplifiers 


P. R. JOHANNESSEN 


ASSOCIATE MEMBER AIEE 


HE analysis of magnetic amplifiers through the use of 

difference equations will result in a different view 
of the mechanics of operation of the magnetic amplifier. 
It shows that all magnetic amplifiers operate upon the same 
basic principles, and that these basic principles are demon- 
strated by the operation of the basic half-cycle response 
magnetic amplifier shown in Fig. 1. The purpose of the 
analysis presented in this article is only to clarify these basic 
principles. 

To simplify the analysis, the B-H curve of the reactor and 
the rectifier characteristic are assumed to be of the form 
shown in Fig. 1. The flux change caused by the control 
voltage during the control half-cycle is proportional to the 
average control voltage during this half-cycle. The 
average output voltage is proportional to the change in 
the flux during the previous half-cycle, hence it is pro- 
portional to the average control voltage. This relation 
can be expressed by the difference equation 

R, NR; 


Eou(n) = Ri+Ry MR+Rz E,(n—1) 





In the above equation, FE represents average voltages, 
averaged over a half-cycle. By taking the Laplace trans- 
form of this equation, the transfer function is obtained 


Eout(s) _ R, NR, * 3 
Es) ~ Ry +Ry NR +Re 
The above difference equation can also be approximated by 


a differential equation, and the corresponding approximate 
transfer function is 





G(s) =——— 


NR, 1 1 


=K 
Bs) = tk MR+R, © *ve+1 
@ 
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voltage in series with the control voltage, equal in magni- 
tude to the reactor voltage and with opposite polarity. 
The average value of this voltage referred to the control 
circuit is proportional to the output voltage, and it can 
be written 


Eq(n)=— OM 





Eout(n) 


The voltage across the load opposes the supply voltage ¢,, 
and so tends to decrease the amount of reset of reactor II. 
A voltage in the output circuit can be transferred into the 
control circuit by multiplying it by the turns-ratio, and the 
ratio of the control circuit impedance to the output circuit 
impedance. Thus 
N?R, 


1 
E,(n)=— 
nin) = 


Eour(7) 

The two voltages, En, and Ey, can be considered in 
series with the control source, and they are proportional to 
the output voltage. The feedback gain is defined as the 
portion of the output voltage that is fed back into the con- 
trol circuit. From the above equations, the feedback gain 
becomes 


1 Ry, +Ry | 
Ky=— + 
f cl Ry" Re 
The difference equation can be written 


Eou(n) = KypE-(n—1)+-KpKyEour(n —1) 


By following the same procedure as described previously, 
the approximate transfer function is found to be 
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In Fig. 2 is shown the 
parallel self-saturated mag- 
netic amplifier. The circuit 
consists of two basic magnetic 
amplifiers, which gate during 
alternate half-cycles, con- Re 








nected in _ series-parallel. 
When reactor I saturates, 
the voltage across the reactor 
becomes zero. By the use 
of superposition, this is “ 
equivalent to inserting a 
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Fig. 2 (right). Self-saturated parallel Kr | 
magnetic amplifier 
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Organization Planning—The Hard Work 


and Common Sense Approach 


L. L. 


RECENT ISSUE of a 
A national magazine con- 
tained an article about 
management’s dependence 
upon professional manage- 
ment consultants’ services. It 
was of special interest to learn 
that, according to the Asso- 
ciation of Consulting Management Engineers, there are now 
1,900 consultant firms operating in principal cities. These 
firms employ 44,000 persons and collected 426-million dol- 
lars last year in fees. 
Management consultants’ services are applied to the solu- 
tion of their clients’ problems by three principal routes: 


1. By the installation of new methods, machines, and 
procedures. 

2. By personnel changes based upon appraisal and 
psychological counseling techniques. 

3. By striving to be the President’s “‘right hand man.” 


The record of services provided by management consul- 
tants’ is impressive and it is estimated that 90 per cent of 
their work satisfies their clients. However, this degree of 
satisfaction probably stems from the practice of catering to 
the whims and ideas of the client rather than prescribing 
sometimes painful but badly needed medicine. 

There are perhaps two serious drawbacks to dependence 
on outside professional services. First, when a consultant 
does the work, he, and not the company, gets the experience 
of studying and thinking out the problems; management 
then loses the beneficial practice of arriving at its own deci- 
Second, as a du Pont executive said: ‘“The people 
in our company doing this kind of work have a real back- 
ground knowledge of du Pont and its problems and its 
approach to doing business that could hardly be expected 
of an outsider, however able.” 


sions. 


The term “management consultation” implies “hand 
holding,” or an attempt to perform a de luxe service that 
may be resented and considered frustrating by most execu- 
tives, 

Many businesses with a need for consultant-type services 
have recognized the drawbacks of engaging outside help 
and have installed their own professional staffs. Further- 
more, such staffs are most effective when their efforts are 
concentrated on organization planning, which provides a 
much more fundamental approach to problems manage- 
ment consultants try to solve. It is interesting to report the 
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The Department on Organization in an oil com- 

pany was created to perform the function of 

organization planning. 

this department have resulted in many sig- 

nificant organizational improvements through- 
out the company. 


Purkey—Organization Planning 


PURKEY 


views and experience of the 
National Industrial Con- 
ference Board which sits at 
the cross-roads of a constant 
flow and exchange of in- 
formation among thousands 
of companies. This Board re- 
ports that there is no subject 
or function in which members of top management sud- 
denly have taken such a deep and widespread interest as 
in organization planning. This interest bears no resem- 
blance toa “management fad” or a “gimmick.” It stems 
from the recognition of a real need by both large- and 
medium-sized companies. 

The Board further reports that it is having difficulty in 
keeping up with the demand for information on the subject 
of organization planning despite the addition to its staff 
of highly qualified personnel. Another indication of the 
rapidity and scope of growth in the subject is the fact that 
the Board has appointed an Advisory Council on Organiza- 
tion Planning with members selected from business and 
industry. 


Surveys conducted by 


This Council was formed quietly with no bally- 
hoo or publicity, yet numerous requests are received from 
companies both in the United States and Canada about 
how to obtain memberships. 


ORGANIZATION PLANNING IN AN OIL COMPANY 


HE Department on Organization in the Standard Oil 
Company of California was created in 1931 to perform 
the function of organization planning. It isdefined as: the 
architectural design of the organization structure for the ap- 
plication of mass effort to the production and distribution 
of goods and services. ; 
Three other functions are inseparably related to organi- 
zation planning: 


1. Manpower Control, defined as: The means of deter- 
mining by factual measurement the size of the organization 
required to achieve the objectives of the company. 

2. Wage and Salary Evaluation, defined as: The means 
of determining the appropriate price for labor in all levels 
of the organization. 

3. Organization Research and Training, defined as: 
The process of “looking over the fence”? to see how the rest 
of the world carries on its activities. 


The principal emphasis in this article will be on the or- 
ganization planning and manpower control functions. To 
be fully effective all these functions must provide tools use- 
ful to management in its never-ending efforts to increase 
production, cut costs, and improve profits. 
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All too frequently the prevailing concept of organization 
planning involves nothing more than preparation of a sym- 
metrical organization chart and a gold-plated statement of 
policy. This reflects someone’s dream about how the enter- 
prise should function if all its members conformed to an 
unrealistic pattern of perfection. 

The real reason for organization planning is to place the 
proper kind and amount of responsibility and accountability 
in the hands of people required to operate or carry on an 
activity. There is no magic formula in the process. It 
usually involves “‘sweating out” the answer by the applica- 
tion of tested principles to the carefully gathered facts 
being performed, or about to be performed, and the people 
doing it or about to do it. The end result is not to be 
measured by the artistry and symmetry of an organization 
chart. An organization chart is simply a sketch or a road 
map to record a working arrangement between individuals. 
The real measure of successful organization planning is how 
well the organization functions with how few people. 

Perhaps an electrical engineer might think of the or- 
ganization chart as a wiring diagram without values as- 
signed to the various resistors, conductors, amplifiers, etc. 
This organization diagram is transformed from a piece of 
paper to a live apparatus by filling the jobs represented by 
little squares with people—some of whom may be resistors, 
some conductors, some amplifiers, and some just plain short 
circuits. 
rules of conduct to co-ordinate their actions. 

In the Standard Oil Company of California a tool called 
the “Management Guide” supplies the rules of conduct. 
This guide is a special form of organization manual. How- 
ever, it has this important difference from most organiza- 
tion manuals—it is entirely free from procedural detail and 
is written in a manner to suggest constructive thought and 
action, rather than to give a mandate. It is intended to 
supply specific answers to some questions which have 
troubled management since the first management team was 
organized. 

Many of you have asked yourselves these questions: 


These people must then be given objectives and 


1. What is my basic function? 

2. What are my principal responsibilities? 

3. What are the outer limits of my authority to make 
decisions and take action without encroaching on another’s 
position? 

4. What relationships am I expected to maintain with 
my superiors, with my subordinates, and with my co- 
ordinates? 


By providing answers to such questions, the Management 
Guide found increasing and enthusiastic acceptance 
throughout the company as an understandable bill of rights 
for management and supervisors. 

This lends support to the proposition that organization 
planning, to be useful and effective, cannot stop at the 
graphic chart of the outline of the plan. The plan is in- 
complete unless it includes the definition of functions, and 
their allocation to the proper organizational component. 

This process adds life and flesh to the skeleton of the plan. 
To produce a complete and articulated body and to check 
its conformation, responsibility, authority, and accounta- 
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bility also must be defined and allocated. In this process 
the relative importance or value of functions must be con- 
sidered, and proportioned emphasis placed on each as ap- 
propriate. Otherwise, the whole machine may be out- 
of-balance as an eccentric wheel. Even so, the job of or- 
ganization planning does not end with balancing the wheel, 
for organization is a live and changing thing. 

Dudley Phelps, in his book on sales management, has 
made the observation that changes in organizational struc- 
ture from time to time are necessary and should not be 
avoided. An organization plan is the reflection of an op- 
erating task, and if the task changes materially, so should 
the organization. If investigation indicates the need for a 
change, it should be made with little hesitancy, for the old 
organization has probably become outmoded in view of 
new demands made upon it. It is a common error to be- 
come too conservative about organizational changes and 
not recognize their need. At other times an automatic ad- 
justment to new conditions is somehow expected to take 
place by itself. 

There may be personnel problems involved because a 
change in organization means a disturbance to existing 
relationships between members of a group. Responsibili- 
ties and authority are shifted among people, perhaps to 
the disadvantage of some, and to the advantage of others. 
Because of this, changes should not be made without proper 
investigation by a qualified staff which is permitted to de- 
velop the facts in a thoroughly objective way. This sug- 
gests the desirability of periodic review to determine whether 
the organization is doing an effective job and, if not, whe- 
ther the reasons for failure are those of structure, ineffective 
co-ordination, poor morale, or incompetent personnel. 

It was in recognition of this never-ending need for im- 
provement within the past 12 months in this company, 
that an extensive survey of transportation and distribution 
of petroleum in all of its various forms and ramifications 
was authorized. ‘The study led to an important change by 
the creation of a new major organization unit on supply 
and transportation. With the assistance of members of 
line management from the six departments under review, 
a new and better plan to meet the company’s needs for 
management and co-ordination was developed and gained 
approval: 1. marine, motor, rail, and air transportation; 
2. the distribution of products from refineries; and 3. the 
purchasing of crude oil to supplement production from its 
own wells. ‘These operations had historically been carried 
on under separately managed departments with only limited 
and informal co-ordination. 
ment of petroleum products and better control over inven- 
tories made it necessary to place under a single executive 
the direction of some 2,000 employees who are engaged in: 


Demands for increased move- 


1. The operation of 28 company-owned tankships, 
barges, and towboats, and the scheduling of seven time- 
chartered tankships. 

2. The operation and maintenance of 3,500 motor 
vehicles. 


3. The purchase of 30-million dollars’ worth of rail, 
highway, and air transportation per year from commercial 
carriers. 
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4. The purchase of 170-million dollars of crude oil from 
other producers per year. 


The total annual expenditures of this new organization 
unit is 250-million dollars per year. It required one year 
for a team of organization specialists to develop the multi- 
tude of facts which led to the decision to make the change. 
The survey team was actively assisted by men assigned to it 
from the departments under review. Thus, benefits of in- 
side experience, as well as an outside objective point of 
view, was received. Through this collaborative effort, 
the impact of the changes in working assignments, relation- 
ships, and authority, which are an inescapable part of 
major reorganizations, was minimized. Last, but not least, 
in the new organization men are available to provide the 
answers to the many questions which cannot possibly be 
anticipated for inclusion in the written plan, the organiza- 
tion charts and organization manual. 


MANPOWER CONTROLS 


()' equal importance to top executives are the develop- 
ment and use of adequate manpower controls. By 
these are meant the measurement of labor’s productivity— 
all labor including management, staff, supervisory, and 
the daily rate employees. 

During the past 20 years industrial management has al- 
most completely lost control over wage setting or the de- 
termination of the price at which labor should be paid. 
Under the pressure of labor union negotiations with the 
steel, coal, and automobile industries the pattern of wage 
increases is fixed nationally at the bargaining table. Within 
30 days after the conclusion of negotiations between the 
powerful unions and the major industrial groups, other 
members of industry follow with almost identical wage in- 
creases. The collateral pressure of wage increases in daily 
rates must of necessity be projected into the salaries of non- 
union employees, including management. It is no over- 
statement to say that, as a result, at least 70 per cent of all 
wage and salary rates are set under conditions over which 
industrial management has no control. 

Loss of control over the price at which labor is paid makes 
improvement in productivity a must. It is a common mis- 
take to believe that labor has failed to see the advantages 
of management’s efforts to stabilize employment through 
sound planning and increased productivity. 

As early as 1925 the American Federation of Labor said: 


*‘We hold that the best interests of wage earners, as well 
as the whole social group, are served by increasing produc- 
tion in quality as well as quantity and by the high wage 
standards which assure sustained purchasing power to the 
workers, and therefore higher national standards for the 
environment in which they live, and the means to enjoy 
cultural opportunities.” 


The difficulty lies in measuring labor’s productivity, as 
used in its broad sense, as it applies to all labor, including 
management, staff, supervisory, clerical, accounting, tech- 
nical, and the daily rate employees—commonly referred to 
as the “represented” groups. 

Quite apart from the profit incentive to control costs 
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through performance standards designed to measure the 
productivity of labor, there is another equally valid reason 
to maintain continuous control over employment. This 
refers to the vital need to stabilize employment and to avoid 
the devastating influence of mass hiring and mass firing of 
workers because of a lack of planning and work measure- 
ment. Under adequate controls and the use of work 
measurement standards, attrition through resignation, 
retirements, and normal severances, has made mass hiring 
and firing unnecessary except for the war period in the com- 
pany. This is an important point to get across to em- 
ployees in the maintenance of good industrial relationships. 


CONTROL OF MANPOWER 


[goers CONTROLS are established and maintained 
in the Standard Oil Company of California through 
one of two methods: by organization and manpower sur- 
veys which encompass management, supervisors, staff, 
clerical, and accounting; or through time and motion stud- 
ies. Organization and manpower studies are undertaken 
on a project basis usually at the request of a vice-president 
or department head and with approval of the president. 

Each project undertaken is covered by a written agree- 
ment called a project work order, which states the objective 
of the survey and the means of its accomplishment. Staff 
assistance is borrowed from the organization unit under 
survey and added to the survey team which is directed by a 
senior member of the organization planning group. 

The results of the survey are made known to line manage- 
ment as rapidly as possible and divergent opinions are 
reconciled. Finally, the organization changes and man- 
power tables are agreed upon and are then translated into 
controls such as basic organizations or work measurement 
standards where the volume of production varies. In ac- 
tual practice the process is not as simple as it sounds as 
there is a lot of wear and tear involved in gaining line 
management’s acceptance of some changes in either organi- 
zation or manpower. The most potent influence behind 
this activity is the chief executive’s interest in and support 
of the organization planning effort. 

As a follow-up on manpower control, line management 
is required to report currently to the top executives all 
significant changes in manpower, either increases or de- 
creases, and the reasons therefore. The president looks to 
the Department on Organization to co-ordinate and confirm 
these reports and to make spot checks as necessary to make 
certain that every step has been taken to maintain and im- 
prove the productivity of labor. The theory in this com- 
pany is that a comfortable organization is never an eco- 
nomical one. By this is meant that, as far as practical, 
every employee should have a substantial backlog of work 
at all times, 


MEASURING EFFECTIVENESS 


a as part of the follow-up on manpower con- 
trols, an appraisal is made of their effectiveness in 
each organization component of the company. This ap- 
praisal takes the form of an audit by organization specialists 
who sample check the application of standards and other 
controls to confirm their use and validity. 
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This appraisal of manpower controls is conducted under 
general principles: 


1. Effective control of manpower is an inherent re- 
sponsibility of the respective department and subsidiary 
heads. 

2. Department and subsidiary organization planning 
staffs are responsible for: 

A. Obtaining maximum interest and participation in 

the project on the part of departmental and subsidiary 

personnel. 

B. Reporting the number of jobs under recognized con- 

trols, broken down into designated categories. 

C. Test-checking and observing the application of con- 

trols. 

D. Advising, counseling, and guiding management and 

its staff assistants on manpower control practices. 

E. Clearing findings, recommendations, and program 

proposals with the respective levels of department and 

subsidiary management. 

3. All possible agreement with respective department 
and subsidiary heads is reached before a summarized year- 
end report is submitted to the president and other execu- 
tives. 


In the report, manpower is divided into groups whose 
jobs are controlled: 


1. By Performance Standards: Defined as a measurement 
of the output which an average qualified employee or group 
of employees can accomplish in a given period of time, and 
by which productivity is gauged and the numerical strength 
of the organization increased or decreased in direct ratio to 
varying workloads. Examples of work controlled by per- 
formance standards are: 

Typists. Under standards based upon number of pages 
of standard copy typing turned out per working day. 

Barrel Fillers in a Refinery. Under standards based upon 
number of containers of a given type which can be filled 
per hour or per day. 

Mechanics (Valve Repairmen). Under standards based 
upon the number of valves or valve parts of a given size 
and type which can be subjected to a specific reclamation 
process per hour or per day. 

Oil Well Drilling Crews. Under standards based on 
drilling plans and estimates compiled for each individual 
well; charting of anticipated progress; and daily plot- 
ting and comparison of actual progress against estimated 
progress and against accomplishments on the fastest 
drilled well in the field. 

2. By Attendance Standards: Defined as a measurement 
of the numerical strength of the organization required to be 
present for supervision, to make operating adjustments, to 
meet emergencies, or to protect property, and by which the 
numerical strength of the organization is increased or de- 
creased in direct ratio to the need for coverage. Examples 
of work controlled by attendance standards are: 

Operators at Pumping Stations. Under a standard based 
upon the necessity for the continuous presence of a man 
to start, stop, and maintain pumps and switch lines. 

Operators at Gasoline Plants. Under a standard based 
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upon the necessity for continuous presence of qualified 
operators to make adjustments; 
temperatures, and run quantities; and to be available 
to shut down or switch lines in the event of an emergency. 

Gate Guards at Refineries. Under a standard based 
upon coverage required at principal gates to ensure that 
no unauthorized person gains admittance to the refinery. 

Tankship Crews. Under a standard based upon work- 
load and watch coverage necessitated by operating re- 
quirements and confirmed by specifications in the ves- 
sel’s inspection certificate. 


to observe pressures, 


3. By Organization and Manpower Surveys: Covering ac- 
tivities or jobs established or continued as the results of: A. 
Department on Organization studies, or B. internal studies, 
conducted by management and staff. Examples: surveys 
directed toward the analysis and appraisal of organization, 
functions, methods, workloads, and manpower requirements 
such as: 

The study of pipe line and refinery operations at Salt 
Lake City, requested by our management there and con- 
ducted by the Department on Organization. 

The Purchase and Stores Department study of purchas- 
ing and auxiliary activities conducted by department 
management and staff. 

The Advertising Department study of organization, 
methods, and manpower arranged by department mana- 
ger and conducted jointly by department’s staff and De- 
partment on Organization. 

The Manufacturing Department study of maintenance 
activities by department management and staff directed 
toward establishment of maintenance planning systems, 
budgetary arrangements for maintenance labor, and con- 
trol on labor utilization during maintenance projects. 


4. By Policy: Activities or jobs established, continued, 
or verified as a result of: A. Decision of a company officer 
or department head, or by the president of a subsidiary, or 
B. Governmental regulations, but not otherwise necessary. 
Example: Many of such positions carried under the policy 
category are filled by employees of advanced years and near- 
ing retirement, or with impaired health. This is a reflec- 
tion of a generous attitude on the part of the company but 
it is applied judiciously. It is considered desirable to know 
at all times how many people are maintained on the payroll 
under this policy. 

5. All Others: Situations not meeting the conditions out- 
lined for the foregoing categories of control; specifically 
those jobs or positions which cannot be logically con- 
sidered to have been established or verified as a result of 
*“‘performance standards,” “‘attendance standards,” 
veys,” or “‘policies.” 


*“sur- 


The result of the appraisal of manpower controls is re- 
ported to the president, the vice-presidents and to general 
management or department heads with appropriate com- 
ments upon the accomplishments made during the year. 

Line management is encouraged and assisted in for- 
mulating its manpower control program for the ensuing 
year. This is aimed at achieving further improvements in 
the productivity of labor. By this means there is a con- 
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tinuity of interest in the program from year to year which 
is an important item in top management’s responsibilities. 
On the basis of the 1953 year-end appraisal of manpower 
controls the report to the president and other executives 
showed that the following situation had been attained: 


Of a total payroll of 32,000 employees receiving 172- 
million dollars per year: 


44 per cent were working and being controlled under 
valid performance standards. 

24 per cent were working and being controlled under 
valid attendance standards. 

27 per cent had been subjected to recent organization 
and manpower surveys. 

0.6 per cent were employed in jobs established by policy. 
4 per cent were employed in work which had not been 
adequately measured. 


This does not mean that the work of 4 per cent of the 
employees is unnecessary and that the employees so classi- 
fied should be severed. It simply means that there had been 
insufficient opportunity to measure their performance and 
set adequate standards. 


DECENTRALIZING ACTIVITIES 


he question is frequently asked about the concentra- 
tion of staff effort on organization planning and man- 
power control. It is a serious mistake for top executives to 
permit line management to avoid its responsibilities for 
maintenance of sound organization plans and controls over 
manpower. It is an equally serious matter for the activity 
to become a contest between line and staff management 


with one side trying to cover up defections and extravagance 
and the other side equally zealous about exposing them. 
Such relationships always produce bad feeling and reduce 


the benefits of a very necessary control. ‘This is reminiscent 
of an illustration of line and staff relationships, wherein a 
staff manager tells the line manager what to do and the 
line manager tells the staff manager where to go! 

In order to prevent such developments, those in the De- 
partment on Organization have always promoted the idea 
that line management should have its own group of or- 
ganization specialists which is called the “Organization and 
Cost Control’ staff. As a matter of fact, these staff agen- 
cies were created as a regular part of the organization sur- 
veys and have trained and supplied the personnel to man 
them. In all major operating departments and subsidi- 
ary companies there are organization and cost control 
groups for line management. 

This provides an ideal working arrangement and per- 
mits the free exchange of personnel either on a loan basis or 
by permanent transfer. As mentioned earlier in the review 
of supply and transportation, when a major organization 
survey is undertaken, a requisition is made immediately for 
men from the staff of line management to assist on the proj- 
ect. When the project is completed, the borrowed mem- 
bers of the survey team are returned to their regular assign- 
ments in the departments from which their services were 
requisitioned. Of the total number of men engaged in or- 
ganization and cost control at Standard of California, 155 
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are on the staff of operating departments and subsidiary 
companies while only 32 are in the central Department on 
Organization which reports to the president. 

The recital of these facts should have made a good case 
for the policy of decentralization. 


WAGE AND SALARY EVALUATION 


M*™ have, no doubt, wondered what mysterious proc- 
ess occurs to determine the amount of their own 
salary and those of their co-workers. This process is an ex- 
tremely important one as it is very closely related to or- 
ganization planning. In the process of working out or- 
ganization changes, jobs are constantly being formed or re- 
formed—duties are being added or taken away from individ- 
ual positions. This has a direct effect upon the value of 
the job for salary administration. It is this company’s policy 
to make salary administration plans thoroughly responsive 
to organization changes at all times. For this reason the 
Department on Organization develops and maintains sound 
and uniform wage and salary standards for company-wide 
application by line management to jobs paying all the way 
from $200 a month to $3,000 a month. 

Guidance is provided to members of management 
throughout the company, and approved wage and salary 
programs are co-ordinated with the objective of providing 
equitable pay, fully commensurate with value received. 
Periodically, an appraisal is made of departmental wage 
and salary administration, including the confirmation of 
the relative value of various jobs. Comparisons of the com- 
pany’s wage and salary practices are made frequently with 
those of other petroleum companies and periodically with 
local industries and industry in general. Policies and pro- 
cedures pertaining to the development and preparation of 
job descriptions originate within the Department on Or- 
ganization and are the basis for guidance on these subjects 
to departmental management. The Department on Or- 
ganization serves as a research and fact-finding agency for 
management of the company on all wage and salary mat- 
ters, and renders consulting service on these subjects to the 
various company units. 

It must be acknowledged, however, that positive control 
can be exercised only over salaries for people not repre- 
sented by unions. These comprise only 30 per cent of a 
payroll covering 32,000 employees and totaling $172,000,- 
000 per year. Wage rates are determined at the bargaining 
table. 


ORGANIZATION RESEARCH AND TRAINING 


HE fourth and final function of the Department on 

Organization is organization research and _ training. 
There are two kindred processes involved in this item. 
The first is the process of “looking over the fence” to see 
what is going on in the business neighborhood; the other is 
to train people to be able to carry on in the other aspects of 
organization planning. 

Since all live in a business community of aggressive com- 
petition, it is imperative that all must know what is going 
on around them. It is by “organization research” that 
changes in the atmosphere of business and competititon 
can be discovered and taken into account, and thus changes 
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in organization, manpower and cost control methods, and 
wage and salary administration can be recommended to 
keep the company “in the economic race with compe- 
tition.” This is the process by which this company is kept 
geared to the dynamic changes of the economy. 


RESULTS OF ORGANIZATION PLANNING 


| Dee any medium- or large-sized industrial firm desiring to 
accomplish real economies in the operating costs of 
its business on a continuing basis, it is recommended that 
it provide itself with a suitable high-level staff agency estab- 
lished to serve management not only on organization plan- 
ning, but also on the inseparable functions of manpower, 
methods, and cost control wherein the real pay-off exists. 
In addition, there are many advantages to the assignment 
of wage and salary administration to such an agency, as 
well as the function of carrying on organization research 
and training. To be most effective, such an agency would, 
of necessity, have to be an internal working unit of the 
company. The overwhelming difficulties an outside man- 
agement consultant would face in attempting to do the 
same job can now be seen. 

That such an internal staff agency can pay is shown 
by a recent research project by this company’s depart- 


ment on employment trends in the postwar period. 
The study embraced 22 major industrial companies em- 
ploying a total of 250,000 people. During the 6-year period 
from the end of 1947 to 1953, the clerical and accounting 
employees in these companies increased 25 per cent; 
operating, mechanical, and custodial employees increased 
4 per cent; management, supervisory and staff employees 
increased 30 per cent; total employment increased 13 per 
cent. The disproportionate growth 
workers and production workers suggests a fertile field for 
study leading to economies. 

It was in recognition of the facts disclosed by the research 
study that the book “More Profit-Less Paper” was published 
in July1953. This publication has had a very gratifying 
acceptance. In all, requests have been received for 3,600 
copies from various parts of the United States and many 
foreign countries. 


between clerical 


The degree to which a business survives the mounting 
costs of higher and higher remuneration for fewer and fewer 
hours of work will be measured by the success it achieves 
on a continuing basis in attaining improved productivity 
for every dollar expended for labor. The free enterprise 
system and rising standard of living can be sustained in no 
other way. 


A New System of Logarithmic Units 


RB. Vit 


N INDIAN, when asked, 
A “What do you call 
your horse?” replied 
“No call’em, use’m all the 
time.” For a long while that 
was much the attitude of the 
calculator toward his loga- 
rithms. It may work all right 
when there is only one horse involved, but the number 
of specialized logarithms in use has been steadily increasing 
and a demand has arisen for a convenient and systematic 
way of distinguishing them and expressing their magni- 
tudes. Various units, such as the octave and the decibel, 
have already come into use, each in connection with a 
particular physical quantity, and each having its own 
magnitude and name. Each, in its own field, satisfies the 
requirement of convenience. In fact it is this very con- 
venience that has led to confusion, through the use of a 
unit in a field to which it does not apply, because no con- 
venient unit is available in the second field. This is where 
the demand for a systematic treatment enters. 
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As the scientific field expands, especially that 

of electrical engineering mathematics, the num- 

ber of specialized logarithms in use has been 

increasing. How should they be labeled? 

How should their magnitude be expressed? 
Here is one answer. 
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HARTLEY 


Such a treatment has been 
proposed in the form of a 
family of units, all of which 
have a common surname 
which indicates that they 
are logarithms of the same 
particular magnitude. Each 
has its own given name, 
which identifies the kind of quantity with which it is used. 
Each of the existing units may then be thought of as having 
a given name only. The diversity of their magnitudes 
places them in separate families, each of which is related 
to the proposed one, in this case quantitatively through 
their relative magnitudes. One of them turns out to be a 
member of the new family. 

Before attempting to trace these interfamily relation- 
ships, it is well to have in mind what considerations enter 
into the choice of a unit of logarithm. One of these is 
convenience in computations. This is generally most 
fully satisfied when the base used is ten. In connection 
with certain problems associated with the solutions of 
differential equations, such as those of wave motion, the 
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Napierian base ¢ is found preferable. This suggests the 
desirability of choosing the unit in such a way as to leave 
the user free to choose that base which best fits his needs. 

Other considerations arise out of the use of logarithms 
which are specially related to particular physical quan- 
tities. The octave, which measures the logarithm of the 
frequency of a musical note, has the unique property that 
any two notes whose logarithms differ by one octave are 
in consonance with each other. This is one example of a 
group of quantities which are involved in sensory phenom- 
ena, for which equal steps of the logarithm correspond 
to equal sensory changes. The decibel was so chosen as 
to be approximately the equivalent of the “‘mile of standard 
cable” at 800 cycles, a convenient size for the unit. 


UNIT DEFINED 


H™ then is the unit to be defined to meet both these 
needs? ‘The solution lies in the concept of primary 
and secondary units. If an arbitrary base a is chosen, 
the logarithm of any number x will have a particular 
numerical value given by log,x. If this is regarded as the 
ratio of it to the unit logarithm, the magnitude of the 
latter must be unity and so the unit logarithm is log,a. 
This is a primary unit for this system, just as the meter 
bar is a primary unit in a system in which the length of the 
meter bar is unity. However, a length may be expressed in 
terms of a secondary unit such as the foot. While this may 
be a primary unit, and have magnitude unity in a system 
based on a standard foot, in the metric system it has a 
magnitude equal to the ratio of the lengths of the foot 
and meter bars. To arrive at a secondary unit for loga- 
rithms to the base a, choose an arbitrary number r and 
take log,r as the secondary unit. Its magnitude is then 


Its magnitude is, of course, unity in a system of logarithms 
to the base r, where it is a primary unit. 

If now log,x is expressed in terms of this secondary unit, 
the number of units will be 


which is independent of a, and depends only on x and the 
number chosen to determine the secondary unit. Hence 
if a secondary unit of this type is chosen as the unit, both 
purposes are accomplished. The base is left optional 
while it is assured that a change of one unit in the 
logarithm corresponds to the number being changed 
in an arbitrarily chosen ratio. 

Returning then to the interrelation of the units, the 
family to which a particular unit belongs is determined 
by the value of r which defines it. Once a number has 
been selected for this purpose it may be thought of as a 
standard number and its logarithm as one which has been 
standardized as a unit. 


THE FAMILY OF UNITS 


HE proposed family of units may be described by 
saying that the standard number which determines 
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their common magnitude is 10°! and so the magnitude of 
the unit in any system of logarithms to the arbitrary base 
a is log,10°'. The number of units corresponding to a 
number x is 10 logyox. Since no family name has been 
agreed upon as yet, an attempt is made to avoid preju- 
dicing this choice by using here the accurately descriptive 
but entirely impractical designation (log 10%). 

While x has been referred to so far merely as a number, 
in most practical cases it is associated with particular 
quantities which may or may not have physical dimensions. 
It may be the ratio of any two values of the quantity and 
so represents their relative magnitude. It may be the ratio 
of one value of the quantity to another which has been 
chosen as a reference value and may be a primary or 
secondary unit of the quantity. It then represents the 
numerical part of the absolute value of the quantity ex- 
pressed in terms of the reference value. The absolute 
value of the quantity is then x times the reference quantity, 
which may be represented formally by the indicated 
product of its magnitude and its dimension. The loga- 
rithm of the absolute value of the first quantity may be 
thought of as being the sum of log x and the logarithm of 
the reference quantity, which in turn is formally the sum 
of the logarithm of its numerical magnitude and the 
indicated logarithm of its dimension. Thus, in terms of 
the meter as the primary unit of length, the logarithm of 
a length of 5 km would be log 5+log 1000+log L. 

In using the proposed unit of logarithm, it is desirable 
to be able to indicate the quantity with which «x is associated 
and the nature of the relationship. In the case of the 
decibel, as originally defined, the name itself specified 
that the quantity is power. When used alone, x is under- 
stood to represent merely relative magnitude. Where 
a reference power is involved, such as 1 milliwatt, it is 
indicated by saying decibels relative to 1 milliwatt, and 
the unit is written as dbm. This method is redundant in 
that the nature of the quantity, power, is indicated by the 
name of the unit of logarithm and again by that of the unit 
of the quantity. 

This suggests that, in assigning first names to the pro- 
posed units, both the nature of the quantity and the 
relationship will be adequately specified if the name of 
the quantity where x is a relative magnitude is taken and 
that of the reference value or unit when it is the numerical 
part of the absolute magnitude as expressed in terms of the 
reference. A “length (log 10°)’ would then be the 
logarithm of the ratio of two lengths and a “centimeter 
(log 10°-")” would be the logarithm of an absolute length 
expressed in centimeters. The absolute value of a length 
of 5 cm could be expressed in terms of the meter as a 
primary unit as (10 log 5—20) meter (log 10%"). The 
dimension length is here contained in the term “meter” 
and its logarithm need be introduced only for purposes of 
dimensional analysis. Logarithms of dimensions then add 
just as they multiply in the ordinary analysis. 

Let us see now how the new family fits into the clan of 
existing units. Here the patriarch is the stellar magnitude 
which, in its less precise form, goes back to Ptolemy. It 
is a unit for measuring the logarithm of the absolute value 
of the apparent brightness of a star. It belongs to the 
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family for which r is 100°-? and so its magnitude is 4 (log 
10°"), The reference brightness was so chosen as to make 
a stellar magnitude of one correspond to the average 
brightness of a chosen group of “first magnitude stars.” 
The decibel, as originally defined, and the dbm, being 
respectively a power (log 10°-!) and a milliwatt (log 10°), 
are members of the new family. The bel belongs to the 
closely related family for which r is 10, and so might be 
regarded asacousin. The brothers, the octave and the bit, 
belong in the family for which r is 2. If we were to give 
these the surname (log 2), the octave would be a frequency 
(log 2) and the bit a possibility (log 2). 

The so-called “‘voltage db” and similar units, for which 
the associated quantity varies as the square root of a power 
in some cases but not in others, call for special attention. 
The use of the term “‘decibel’’ in connection with a quantity 
other than power is a violation of the original definition 
of the decibel. It has, however, become so general that 
it may have to be lived with, at least in the foreseeable 
future. Regarded as a unit of logarithm of voltage ratio, 
this unit belongs in the family for which r is 10°-®, Con- 
sidered as a secondary unit in the family for which r is 
10°-!, its magnitude is one-half. One so-called “voltage 
db” is therefore equal to one-half of a voltage (log 10°-"). 
In those cases where the power does not vary as the square 
of the voltage, there is no definite relation between the 
number of true db, or power (log 10°) and the number 
of so-called “voltage db.” In those where it does, a change 
of one so-called “voltage db” corresponds to a change of 
one true db or one power (log 10°"). A change of one 
voltage (log 10°-') corresponds to a change of 2 true db. 


USE OF UNITS 


Hw: gone to the trouble of setting up this new family 
of units, one may well ask for what they can be used. 
A partial answer is to be found in the list of quantities for 
the measurement of the logarithm of which the decibel has 
been used or proposed. ‘Those of the general type of a 
voltage, as discussed previously, include the voltage or 
current gain of an amplifier, the voltage level along a 
system, the step-up of a transformer, the standing-wave- 
ratio of a waveguide, and the loop gain of a servo system. 
The list also includes quantities which have no relation 
to power such as frequency, time, and impedance. An 
interesting combination of the two types occurs in the 
design of servos, where the relation between alternating 
voltage across a capacitance and frequency is expressed 
as approximately 6 db per octave. If the logarithms of 
voltage and frequency were expressed in voltage and 
frequency units of the same family, the relation would be 
exactly one per one. 

The logarithms of the ratios of other specific quantities 
have been used without assigning names to their units. 
In photography the density of a film is the logarithm of 
the reciprocal of the transparency. The logarithm of the 
exposure is widely used and referred to as log E. The 
logarithm of the photometric magnitude is a familiar but 
unnamed logarithm. Any of these could be expressed in 
the proposed unit. 

More generally, wherever the significantly different 
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values of a variable form a geometrical, rather than arith- 
metical progression, its logarithm provides a convenient 
description of its behavior and a corresponding unit of 
logarithm can be used to advantage. One such case is 
the estimation of the best curve to represent a set of experi- 
mental data. This can sometimes be done better by 
insuring an even distribution of the errors with respect to 
the values of the logarithm of the variable than to those 
of the variable itself. 


NAMING UNIT IS A PROBLEM 


$ stated previously, no name has been agreed upon for 
(log 10°). The two which have received most 
favorable consideration are “logit,” abbreviated Igt, and 
““decilog,” dg. There have also been proposed “‘brigg,” 
bg; “decibrigg,” dg; “ralog,”’ rg; and “decomlog,” dl. 
From the purely theoretical viewpoint there are certain 
objections which apply more or less to all of these. Since 
the proposed units form only one of the possible families, 
and it may be desirable in the future to assign a name to 
some other family, it does not seem wise to appropriate 
the whole general connotation of a unit of logarithm for 
this particular family. This would apply most directly 
to “logit” and “‘ralog” which suggest nothing as to size. 
The terms “brigg,” “‘decibrigg,” and “decomlog,” while 
they have some quantitative connotation, convey the 
impression that it is the size of the logarithmic base that 
determines the unit. While the term “decilog” may sug- 
gest that the unit is a tenth of a logarithm, it gives no idea 
of the size of that logarithm, unless log is taken to be 
associated with the base ten, which the unit is not. What 
is wanted is a name which suggests both the logarithmic 
nature of the unit and the standard number of which it is 
the logarithm. This author has not been able to find one; 
if one were found, it would have to meet those practical 
requirements which are finally controlling. 

Another theoretical objection may or may not be worth 
considering. The standard number which determines the 
unit, being irrational, cannot be stated exactly. This 
condition could be avoided by doing what was done in the 
case of the bel. Ten would be taken as the standard 
number, and “log,” or some more quantitatively descrip- 
tive term, as the family name of the unit. The proposed 
unit would then be a secondary unit called a “decilog.” 








Radiation Makes Plastic Glasslike 


Polyethylene, which is made from oil-derived chemicals, 
now is on the market in dozens of useful products from 
squeeze bottles to garment bags. If experiments prove 
successful, it may soon be exposed to radiation which will 
give it new possibilities, some of them seemingly fantastic. 
Polyethylene plastic normally is white, waxlike, and easily 
melted. After a small dose of radiation, it will retain its 
strength and elasticity even at high temperatures. Fur- 
ther irradiation makes it stiff and glasslike. New possi- 
bilities may someday include cellophane-like houses. 
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Additions to Z-Transformation Theory 


G. V. LAGO 


MEMBER AIEE 


Cy" of the most powerful mathematical methods for 
analysis of sampled-data systems is known as the 
z-transformation method. The z-transform is obtained 
by substituting z for e* in the Laplace transform of the 
sequence of samples. C(z) is obtained in closed form 
with the aid of Table I. 

The present z-transformation theory is in its infancy and 
as additions to this theory are developed, it will become 
an even more powerful tool for analysis and design of 
sampled-data systems. One such technique that adds 
a tremendous insight to the designer’s knowledge of the 
response of a sampled-data system is explained, as based 
on the system shown in Fig. 1A. The C(z) for the system 
with any known input is obtained by conventional z- 
transform methods. C(z) can be expanded in partial 
fractions and with the aid of Table I, C(s) can be found 
with a term-by-term identification based on this table. 
From C(s), the pole-zero configuration of G(s)/1+G(s) 
can be found. This pole-zero configuration is the pole- 
zero configuration of a continuous system which has an 
output that takes on the same set of values at the sampling 
instants as does the output of the sampled-data system. 
This technique enables the designer of sampled-data 
systems to use all the experience he has gained and all 
the material now available in the literature concerning 
the response of continuous systems to the type of input 
being considered. For example, if the input to the 
sampled-data system is a unit-step function, the pole- 
zero configuration of the corresponding continuous system 
will give the designer a picture of the overshoot and settling 
time, etc. of the sampled-data system. 

One of the advantages of the z-transformation method 
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Table II. Short List of Modified z-Transforms 
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Sampled-data system and hypothetical. system used to 
find output at any time 


Fig. 1. 


is that the denominator of C(z) can be divided into its 
numerator to obtain a power series in 1/z, and thus places 
in evidence the successive sample amplitudes of c(t). 
One of the disadvantages of the present z-transformation 
method is the uncertainty surrounding the behavior of 
the system between sampling instants. This limitation 
can be removed by the following method without losing 
the advantage mentioned in the foregoing. 

The system to be considered is that of Fig. 1A, while 
Fig. 1B shows the hypothetical circuit after the artifices 
to be employed in this technique are added. When 
E(z) and G(z) are multiplied together in the z-domain, 
the corresponding occurance in the time domain is the 
convolution of the train of impulses of E(z) with the train 
of impulses of G(z). Consequently, the same type of 
operation can be performed by obtaining a new function 
G,,(z) from values of g(t) at a set of points that occur Tx 
seconds after the sampling instants. This technique leads 
to a modified z-transform, a few examples of which are 
shown in Table II. The usual G(z) can be found by 
conventional z-transformation methods. This G(z) is 
expanded in partial fraction form and G,,(z) is then 
obtained from a term-by-term identification using Table 
II. From this a C,,(z) can be found, and by dividing 
denominator into numerator the values of the output, 7x 
seconds after the sampling instants, can be obtained. As 
many points as desired can be found, so that the nature 
of the continuous response can be seen. 
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Designing to Reduce Maintenance 
Costs 


A. W. FRANKENFIELD 
MEMBER AIEE 


AINTENANCE costs 
M play an _ important 

role in the selling price 
of any product and may be 
the difference between profit 
and loss to any company. It 
would be difficult to eliminate entirely maintenance costs 
on the production of any product, but they can be held to 
a minimum with proper precautions in the original design. 
Even with proper precautions in the original design, low 
maintenance costs will not be achieved with a loosely knit 
maintenance organization, loose methods, and inefficient 
equipment. Maintenance must be thoroughly planned, and 
the shop must be well equipped and have trained personnel 
in order to be most effective. It is essential that a complete 
equipment inventory be made and recorded with a case 
history of inspection data. The frequency of inspection 
would depend on how critically the equipment is related to 
production. 

Therefore, in order for the original design to be most 
effective in reducing maintenance costs, it is imperative 
that the necessary precautions be taken by management to 
select a competent electrical engineer who has a thorough 
knowledge of the process and the difficulties that may be 
encountered with the electrical part of the process. Quality 
and production of materials in any process today are both 
closely related to satisfactory operation of all electric 
equipment required in such processes. The days of other 
types of power transmission and control are outmoded and 
have been supplanted by electric power because of its 
ease and economy of transmission, its precision control of 
speed, and timing. However, to take full advantage of 
these new types of drives, it is essential that reasonable care 
be exercised in order that specifications for the proper elec- 
tric equipment may be included in the basic design for 
any process or project which will have a direct bearing on 
maintenance later. 

Suppose for instance, that ways and means of obtaining 
engineering data are considered so that specifications may be 
properly prepared covering an electric installation, keeping 
in mind practical recommendations for reducing mainte- 
nance costs. The procedure should be as follows: 


1. Establishing facts. 
2. Preparing scope of work. 
3. Planning and scheduling. 


ESTABLISH FACTS 


ig Is essential that a general meeting be held by the inter- 
ested parties in order to establish the basic facts of any 
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Maintenance is a broad subject and not exclu- 
sively confined to electrical installations. How- 
ever, so as to be of practical value to electrical 

engineers, this article is confined to this field. 


process or project under con- 
sideration before proceeding 
with the design. To be sure 
that all factors that may affect 
maintenance may be consid- 
ered, it is conceivable that rep- 
resentatives of the following groups be in attendance at this 
meeting to express their interpretation and opinion of the 
requirements: technical, operations, process, mechanical, 
civil, architectural, chemical, power, and electrical engi- 
neers, depending on the magnitude of the project. It is true 
that on many small installations the extent of the personnel 
must be limited as there may be no justification of the ex- 
penditures unless the job warranted it, such as a new process 
and/or development. 

The individual assigned the responsibility of the electric 
installation at this meeting should secure the basic facts such 
as: 


1. Extent of electrical requirements (power, heating, 
and lighting) expressed in horsepower, kilowatts, voltage, 
and frequency. 

2. List the categories of hazards involved: 

Corrosion. 

Vibration. 

Electrolysis. 

Contamination. 

Explosive or flammable vapors. 

Dust and lint. 

Moisture and/or atmospheric conditions. 

High ambient temperatures. 

Protection of equipment due to operator’s error. 


TOMO > 


Among the personnel assembled, the electrical engineer 
because of his intimate knowledge of electric equipment 
and materials is in an excellent position to suggest ways of 
eliminating or reducing the adverse conditions. 
to be effective in reducing maintenance costs, the electrical 
engineer must foresee the difficulties beforehand and design 
accordingly. These items will be discussed later and some 
corrective measures for reducing maintenance costs will be 
suggested. 


However, 


SCOPE OF WORK 


q. kone the electrical engineer has confirmed the basic 
data, he should prepare a Scope of Work giving the 
electrical requirements and the expected difficulties, all 
written in a concise manner for future reference so that the 
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established facts will not be overlooked when specifications 
are prepared for the ordering of the electric equipment. 


PLANNING AND SCHEDULING 


1° NOT DIsMIss lightly these items in considering ways of 
reducing maintenance costs for it might prove a 
boomerang. Unless arrangements are made to provide 
sufficient space to service the electric equipment, normal 
or regular inspection of the equipment will be neglected, 
and severe and costly breakdown of the equipment may re- 
sult. In the initial design planning there must be provided 
the following for making the equipment easy to maintain: 


Accessibility. 

Drawout or plug in units. 

Adequate terminal strips. 

Transparent inspection plates. 

Adequate space around equipment. 

Adequate protection from bad weather. 

Installed spares with closed-circuit transition. 

Simplified wiring and controls. 

Adequate number of spare wires in multiconductor 
control cables, etc. 

10. Adequate number of disconnecting and isolating 

devices. 


The scheduling of the receipt of the electric equipment 
to the job site and the timing of placing it in its permanent 
location must also be considered, as severe damage may 
result when in storage from atmospheric conditions and/or 
foreign materials accidentally coming in contact with the 
equipment during the construction period. An example 
might be cited from experience involving two voltage 
regulators which were severely damaged during storage. 
At the last moment, an attempt was made to repair them in 
the field and preliminary checks indicated they should 
operate satisfactorily; however, when placed in actual 
service their performance was very erratic and, conse- 
quently, they had to be returned to the factory for precision 
‘adjustment. During the interim, while operating on hand 
control, the voltage stability was lost causing a complete 
shutdown of the plant. Any unscheduled shutdown is 
costly regardless of the process involved and more so in a 
textile plant where thousands of threads may be involved. 


CORRECTIVE MEASURES 


si is well to analyze some of the causes for maintenance 
on electric systems as listed in the preceding cate- 
gory of hazards and give some corrective measures that 
should be incorporated in the initial design for reduced 
maintenance costs. 


1. Corroston—Again, the electrical engineer should es- 
tablish facts as to the type of corrosion, whether from acids 
and/or alkalies. Corrective measures may be: 


Use of oil-immersed starters and pushbuttons. 

Use of oil-immersed lighting and power panels. 

Remote control rooms properly sealed and ventilated. 
Extra dips and bakes on motors, transformer windings, 
and operating coils. 

Use of TENV or TEFC motors. 
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Vaporproof lighting units. 

Special wire and cable insulation. 

Use of aluminum, fiber, plastic, or hot-dipped galvanized 
conduit. 

Use of Neoprene latex paint for shunts and moving con- 
nectors. 

Clear varnish and/or rubber paint on exposed copper 
parts. 

Use of no oxide compounds on contacts. 

Special plating of current-carrying parts. 


2. Vibration—To eliminate faults that may be caused by 
vibration, it may be necessary to consider: 

Special bracing of motor winding for X line starting. 

Dynamic balancing of motor-driven equipment especially 

those in the higher speed category. 

Adequate foundations for equipment. 

Special lamp bulbs and/or flexible mountings for lighting 

fixtures. 

Resilient mountings for equipment to eliminate false or 

improper operation of relays and coils. 


3. Electrolysis—This may require: 
Proper bonding. 
Neoprene jacketing of lead-covered cable. 


4. Contamination—Consideration should be given to: 
The use of aluminum or plastic conduit, enclosures, lighting 
fixtures where ferrous materials will contaminate the prod- 
uct instead of steel, and which must be taped with varnish 
cambric tape and/or painted. 


5. Explosive or Flammable Vapors—The electrical engineer 
should establish the range, volatility, toxicity, flash-point, 
and code classification which may dictate: 

The use of oil-immersed starters and pushbuttons. 

The use of oil-immersed lighting and power panels. 

Remote control rooms properly sealed and ventilated. 

Vaporproof lighting units. 

Explosion resisting equipment. 


6. Dust and Lint—The corrective measures should be: 
Lint- and dust-tight enclosures. 

Lintproof and/or TENV or TEFC motors. 

Remote control room. 

Adequate ventilation. 


7. Moisture and/or Atmospheric Condition—The electrical 
engineer should establish the extent to which the following 
should be considered to meeting these conditions: 

Vaporproof lighting. 

Extra dips and bakes of motor winding. 

Splashproof or TEFC motors. 

Remote control room. 

Special wire and cable insulation. 

Weatherproof enclosures. 

Space heaters in equipment to eliminate condensation. 

Control of the atmospheric condition. 

Prevention of mildew or fungus growth by draining and 

venting of conduit and equipment. 


8. High Ambient Temperature—To meet this condition, 
the following may be considered: 

Equipment with high-temperature insulation. 

Ventilation to reduce temperature. 
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Derating of equipment. 
Special lubrication. 


9. Protecting Equipment due to Operator's Error—This may 
be accomplished by: 


Signals and/or alarms. 

Interlocking. 

Simplified control. 

Safety and limit switches. 

In addition to the foregoing, other protective devices are 
necessary for continuity of service and when properly in- 
stalled result in reduced maintenance costs. The following 
items must also be considered in design: 


Surge and lightning prctection for outside lines. 

Surge protection for rotating equipment. 

Over insulating of primary cable and switches. 

Selecting premium grade insulation on cables to meet the 
conditions. 

Proper grounding of equipment and system. 

Primary and secondary breakers having proper inter- 
rupting and current-carrying capacity. 

Cables and current transformers having proper capacity. 
Protective relays with proper settings. 

Eliminate overloading of motors. 

Presealed bearings on motors that are inaccessible. 

Dry type transformers instead of oil-insulated where pos- 
sible. 

Drawout breakers and 
drawout units. 

Proper torque motor application (high, normal, constant, 
and variable). 

Equipment designed for excessive current braking. 
Proper starting equipment to eliminate belt slipping and 
shock to mechanical parts. 

Overspeeding of rotating equipment. 

Ventilation of fluorescent lighting fixtures. 

Fireproofing cables in manholes and vaults. 


motor-control centers having 


ADVANTAGES AND DISADVANTAGES 


per DESIGN of a program has the following advan- 
tages: 


1. Lower maintenance cost. 











Better personal relations and morale. 

Promotes safety. 

Reduces depreciation charges. 

Increased profits through continuous production or 

avoiding loss of production. 

Reduces manpower requirements in maintenance. 

Reduces loss time to production workers. 

Reduces inventory of spare parts, thereby reducing 

capital investment on which a profit must be realized. 

. Reduces overtime and higher labor costs. 

10. Possibility of reduced insurance through proper 
electrical installation. 

11. Longer life expectancy of electrical equipment. 

12. Higher quality production thereby enabling man- 
agement to better meet competitition. 

13. Keeps the plant running at top efficiency in spite of 

shortages of new machines, equipment, and supplies. 


nn > WwW bdo 
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The disadvantage of designing for reduced maintenance 
cost can be briefly stated as higher initial cost. However, it 
is economically sound and justifiable when compared with 
the advantages gained. 


CONCLUSION 


A WORD of caution may be said to those primarily inter- 
ested in maintenance work. Should difficulties be 
experienced with any electrical installation, these difficulties 
should be reported to the supervisor or management. This 
is the best way that the design engineer may correct diffi- 
culties on future installations, for once management is 
conscious of the problem they become intensely interested 
in correcting the difficulties. It is wisely said an ounce of 
caution is worth a pound of correction. 

Reduced maintenance costs can be accomplished by 
sound engineering at an economic value. This value is 
somewhat like an insurance policy. Best results are ob- 
tained from sound policies and likewise best results of re- 
duced maintenance costs are from sound engineering in the 
original or basic design. Let us remember in basic design 
if you plow deep for information, you will reap a better 
harvest; on the other hand, shallow plowing can easily 
cause increased maintenance of operating equipment. 











“Giant brains” soon will be provided with “windows” 
into which engineers and scientists can peer to see exactly 
what goes on inside the electronic craniums. Actually, 
the “windows” will be cathode ray tubes on which the big 
calculators’ innermost “thoughts” will be pictured in the 
form of graphs, geometrical figures, or engineering symbols. 

The new device, announced by International Business 
Machines Corporation, is known as the Type 740 Cathode 
Ray Tube Output Recorder, and was designed for use with 
IBM’s Type 707 and 704 Electronic Data Processing 
Machines, eighteen of which are now in use by leading 
American industries and in government agencies. 
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Evaluating the Effect of Nonlinearity in a 2-Phase Motor 


W. A. STEIN 
MEMBER AIEE 


A 2-PHASE induction motor is inherently a nonlinear 
device, but normal practice in the design of servo- 
mechanisms has been to represent it with a linear transfer 
function. This is obtained by assuming that the speed 
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versus torque curves of the motor, for fixed reference 
field voltage and various values of control field voltage, 
are parallel straight lines. The result of this assumption 
is of the form 


Ohara: (1) 
S(Sr+1) 

Only the straight-line portions of these curves, sections 
below 50-per-cent full speed, need be considered. A more 
accurate representation of the motor transfer function can 
be obtained by taking into consideration the fact that 
the slopes of the curves are a function of the control field 
voltage. If this is done a transfer function is obtained 
which has the same algebraic form as equation 1, but the 
K and 7 are variables given by 


i A 
aie 7 BRE 
——i 
Ow 
_ J(2.590 107%) 
-_ aT 


a) 


radians/second/volt 


T seconds 


+F 


where 
A=stalled torque at rated voltage/rated voltage 

Both K and 7 are functions of the magnitude of the control 
field voltage V,, and when evaluated for a specific motor 
and load will appear as in Fig. 1. XK is readily evaluated 
from steady-state tests and is the ratio of the steady-state 
speed to the control field voltage. + may be measured by 
step function testing, or by calculation, if J is evaluated by a 
special retardation test which is discussed in the appendix. 

The stability of a system may be checked by applying 
Nyquist’s criterion where the motor transfer function is 
represented by equation 1. The numerical values used for 
K and r, however, are selected from the curves of the func- 
tions. If the analysis shows that the system is stable, the 
transient oscillations will be damped. However, such 
oscillations may not disappear because the normal reduc- 
tion in V, increases both K and 1, thus reducing stability 
and perhaps resulting in low amplitude hunting. The 
existence and magnitude of such a perturbation may be in- 
vestigated by inserting values of A and 7 corresponding to 
successively smaller values of V,,. 

The inertia of motor and load may be measured by means 
of a series of deceleration tests. The motor may be used 
as a tachometer by means of a simple switching circuit 
shown in Fig. 2. External inertia versus time constant 
of the speed decay is made, and extrapolation gives the 
motor-load inertia. 
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Permanent Magnet Excited Synchronous Motors 


F.W. MERRILL 


FELLOW AIEE 


Lemna mp depp synchronous motors are gen- 
erally available for quantity production in only the 
reluctance or hysteresis types. The reasons for this are: 
the simplicity of their rotor constructions, because of the 
omission of d-c excitation; and the possibility of assem- 
bling the rotors of either type in standard induction motor 
frames. Unfortunately, these advantages are offset by 
inferior performance characteristics, such as low efficiency, 
low-power factor, and low output, when compared to that 
of the same size induction motor. The locked rotor torque 
is also low and in the reluctance type, extremely variable. 

In view of these conditions, and in response to an increas- 
ing demand, a developmental program was set up to pro- 
duce a better type of synchronous motor. This was carried 
on intensively for several years until a motor was evolved 
having very satisfactory characteristics. The secret of 
success was the restoration of the advantages of d-c excita- 
tion without introducing its complexities. This was accom- 
plished by inserting a powerful permanent magnet inside 
the rotor of an induction motor. The inside rotor diameter 
was so chosen as to leave a soft steel ring under the cage 
bars of adequate section to carry the a-c starting and accel- 
erating fluxes, and to act as a keeper for the magnet, which 
was designed to be magnetized in place after assembly in 
the rotor. Radial interpolar slots were also punched in the 
rotor ring to direct the magnet flux into the stator. 

The synchronous motor described above has been given 
the name “permasyn.” It has very superior operating 
characteristics. It combines the good starting and accel- 
erating performance of an induction motor with the high 
efficiency and power factor obtainable in a d-c excited 
synchronous motor. In a given frame, the rating ap- 
proaches and may even exceed that of an induction motor. 
It is by far the best fractional horsepower motor ever built 
for synchronous applications, and may be competitive 
with induction motors on some applications where syn- 
chronous speed is desirable but not necessary. Successful 
permasyns have been built using all of the common single- 
phase stator constructions, but for simplicity this exposition 
is confined to polyphase motors. 

In most of the permasyn motors now in use all poles of 
the permanent magnet are in one casting. However, 
more recent and better construction makes use of individual 
block castings, one per pole. In the case of a 4-pole rotor, 
a square section steel shaft is used, and the blocks are shrink- 
fitted into position between the shaft and the inside bore of 
the rotor; the fit being sufficiently tight to transmit, with- 
out slippage, any torque that the rotor can develop. The 
block construction has a two-fold advantage: the unit 
size of casting is reduced, which means that permanent 
magnet excitation can be applied to much larger rotors be- 
fore a casting-size limitation is reached; and the block 
assembly is much more resistant to the demagnetization 
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Table I. Comparative Performance of 60-Cycle, 4-Pole, 3-Phase, 


GE 45-Frame Motors 





Maximum 
Synchro- 
nous 
Watts 
Output 


Amperes 
Per Phase 
No Full 
Load Load 


Per Cent 
Per Cent Full-Load 
Full-Load Power 


Motor Efficiency Factor 





Standard Induction 
220-Volt Test 
Standard Reluctance 
220-Volt Test 
*220-Volt Permasyn 
220-Volt Test 
**220-Volt Permasyn 
260-Volt Test 





*Block rotor type: rotor stabilized 242 volts; demagnetized 20 per cent. 
**Block rotor type: rotor stabilized 286 volts; demagnetized 30 per cent; full load 
losses about 100 watts, well within capacity of frame. 





caused by slipping the rotor in and out of synchronism; 
this characteristic is translatable into greater output. 

After saturation flux has been applied and the rotor re- 
moved from the magnetizer, it will be found that very little 
demagnetization has occurred. When this rotor is as- 
sembled in its stator, the external reluctance will decrease, 
and most of the flux will cross the air gap. Under this con- 
dition, the magnet density will rise along a minor loop to a 
value of about 9,500 gauss, which is only some 10 per 
cent below the residual induction point of alnico VI. This 
is the greatest amount of magnet flux that will ever enter 
the stator. 
another motor at a definite speed and noting the generated 
voltage. 

If the stator winding is now connected to a normal 
power source, the rotor will start and accelerate like that 
of any squirrel-cage induction motor. As the speed ap- 
proaches synchronism, the attraction of the unlike poles of 
the magnet and revolving field will pull the rotor into step. 
During this first accelerating cycle, when rotor and re- 
volving field poles are in a “‘slip” relationship, there will be 
some demagnetization. This is a normal stabilization 
phenomenon, and its amount is a matter of design. 

In general, it is possible to modify the design of a 
permasyn over wide limits to fit different applications. 
However, in very small frames, the rotor space available 
for the magnet becomes restricted and, at about 1/12 hp, the 
permasyn loses its advantage. The largest one built so far 
is rated 3 hp, 1,800 rpm. No difficulty was experienced in 
its design or manufacture; and it is reasonably certain that 
a 20-hp permasyn motor can be built, if cost is not a primary 
Table I gives a comparison of several 


It may be measured by driving the rotor with 


consideration. 
motor designs. 


Digest of paper 54-412, “Permanent Magnet Excited Synchronous Motors,” recom- 
mended by the AIEE Committee on Rotating Machinery and approved by the AIEE 
Committee on Technical Operations for presentation at the Fall Genera] Meeting, 
Chicago, IIl., October 11-15, 1954. Scheduled for publication in AIEE Power Appa- 
ratus and Systems, 1955. 





’ 


F. W. Merrill is a consulting engineer, Fort Wavne, Ind. 


Merrill—Permanent Magnet Excited Synchronous Motors 





Nuclear Power Reactors 


STUART 


HE fourth reactor is a 
oF tage or intermediate- 
sized version of the ho- 
mogeneous reactor under de- 
velopment at Oak Ridge Na- 
tional Laboratory. This pilot 
reactor is definitely longer 
range than the three men- 
tioned previously; in fact a second experimental unit is now 
being built to obtain design data for the pilot reactor. The 
pilot reactor will operate at 65 megawatts of heat and pro- 
duce 16,000 kw of electric energy. The present concept 
makes use of UO2.SO, dissolved in heavy water. Fig. 1 illus- 
trates the homogeneous test reactor being built to obtain 
additional data for design of the larger 65-megawatt reactor. 
There are a number of advantages claimed for the homo- 
geneous reactors compared with the heterogeneous reactors. 
Some of these are: 

1. Simplified fuel preparation. The fuel may be 
used as a sulphate phosphate, oxide, metal, or salt; and the 
solutions or slurries are easily and inexpensively prepared. 
Compare this with reduction of an oxide by going through 
the fluoride and bomb reduction, casting, rolling, ma- 
chining, and cladding necessary for heterogeneous reactors. 

2. Chemical recovery costs are less. The preparation 
of the solutions for solvent extraction processes are less 
However, the 
recovery of heavy water from a heavy water system is 
difficult. 

3. Xenon 


complicated as solution is not necessary. 


may be readily removed. Xenon 135 


ey. 
Homogeneous reactor test experiment 
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As the growth of nuclear power is very rapid, 
it is expected that a large percentage of large 
new base load plants built by 1975 will be nu- 
clear fueled. Two reactor types, reactor tech- 
nical problems, and power costs are discussed 
in the second part of this 2-section article. 


McLAIN 


formed from the fission prod- 
ucts and is a serious poison 
since it has a neutron cross 
section of 3,500,000 or several 
million times those of the 
usual reactor structural and 
coolant materials. Xenon 
135 also builds up after shut- 
down, frequently causing operational delays up to 48 
hours. Excess reactivity may be built into heterogeneous 
reactors to override xenon, but this adds to the cost. Part 
of the iodine from which the xenon is formed and the 
xenon, may be removed continuously from homogeneous 
reactor solutions by depressurizing a small by-pass stream. 

4. Simplified reactor systems may be used. The 
reactor tank is a simple sphere with inlet and outlet con- 
nections. 

5. Materials of construction may be selected on the 
basis of use rather than neutron properties. It is obvious 
that for thermal reactors any membranes required to 
separate the reactor core solution from a blanket con- 
taining material being irradiated would have to be made 
of low neutron absorbing metals. 

6. Flexibility of operation. Most homogeneous reactors 
have very large negative temperature coefficients due to 
liquid expansion with temperature. At the proper 
temperature, the power will level off and the entire plant 
will operate on the power demand. Increased power 
output lowers the temperature, permitting more fuel in the 
reactor, thus resulting in higher power. 

High power densities may be obtained. The power 
output is limited only by the ability 
to pump the fuel solution through 
the reactor tank. 

8. Radiation 
ligible. 


damage is neg- 


Some of the disadvantages of the 
homogeneous reactor are: 


1. Only part of the fuel is in the 
core where it can contribute 
power production. 

2. Delayed neutrons will cause 
the external system to become radio- 
active making maintenance very dif- 
ficult. 


to 





Text of a special article recommended for publica- 
tion by the AIEE Committee on Nucleonics and 
presented at the AIEE Fall General Meeting, Chicago, 
Ill., October 11-15, 1954. 


Stuart McLain is program co-ordinator, Argonne 
National Laboratory, Lemont, Ill. 
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3. Corrosion may be greater than 
in the heterogeneous reactors. 

4. Gas formation may be greater 
in homogeneous water solution reac- 
tors than in heterogeneous reactors. 

5. Leaks are very serious since 
they include fission products and 
plutonium or U-233. 

6. Slightly higher enrichment is 
required in uranium reactors due to 
increase in resonance absorption. 


CONTROL ROOM 





SHIELD 


. a . REACTOR CORE 
There is no fast fission effect in RTE CPE 


thermal reactors. 


The fifth reactor project is an HEAT EXCHANGER 
intermediate-sized fast breeder un- 
der development at Argonne Na- 
tional Laboratory. The _ experi- 
mental breeder reactor, EBR-J, at 
Arco has already demonstrated 
breeding at a 1,400-kw of heat 
power level. Fully enriched U-235 
was used in EBR-J in a reactor core 
about the size of a football. The 
reactor was cooled with NaK and 
was the first reactor to produce elec- 
tric power, see Fig. 2. 





STEAM TURBINE & 
ELECTRIC GENERATOR 








In this reactor NaK (an alloy of 
sodium and _ potassium is 
molten at room temperature) cool- 
ant is forced through the reactor 
and heat exchanger by gravity flow, 
and then returned to the supply tank 
by the electromagnetic pump. The 
secondary coolant is also NaK and 
this is circulated through the steam 
boiler to form steam at 400 psi. 

The intermediate-scale reactor is 
designed as the next step in the 
development of the full-scale power 
breeder. The fuel will be diluted 
with depleted uranium to form a 
larger core and permit higher power 
production. The heat production 
will be 62.5 megawatts with a net 
electric power output of 15,000 kw. 
A depleted uranium blanket will 
surround the core for production 
of plutonium or breeding. The reactor will be cooled 
with sodium which will leave the reactor at 1,000 F to pro- 
duce, through a NaK heat interchange, steam at 1,800 
psig. The sodium will be circulated by an electromag- 
netic pump driven in turn by a homopolar generator. 
The homopolar generator will produce 200,000 amperes 
up to 3 volts. 

The electromagnetic pump will handle 10,000 gpm 
(gallons per minute) at 60-psi head. The cross section 
of the pump throat will be 6 inches in the direction of the 
magnetic field of 6,000 gauss and 18 inches in the direction 
of the current. 


which 


CONDENSER 
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RECEIVING TANK 


HEAT EXCHANGER & 
STEAM GENERATOR 


SUPPLY TANK 
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ee 
am 


TURBO-GENERATOR 


STEAM BOILER 
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ELECTROMAGNETIC PUMP 


Fig. 2. Experimental breeder reactor, EBR-I 











FUEL PROCESSING 
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HOMOPOLAR GENERATOR 
AND ELECTROMAGNETIC 
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Fig. 3. Intermediate breeder reactor, EBR-II 


The Intermediate Breeder or EBR-// is detinitely a longer 
range project than the first three projects. It is planned 
to build the reactor at Arco. Exponential experiments are 
being run and a zero power reactor or critical assembly is 
under construction at Arco, see Fig. 3. 

The full-scale breeder might be quite similar to EBR-I1. 
The core would be larger and more heat would be produced. 
To circulate the additional sodium, more pumps and heat 
exchangers would be added rather than the size increased. 
For this reason, the EBR-J/ is a real pilot plant. It should 
be remembered that insurmountable difficulties may yet be 


found in the development of the Fast Breeder Reactor. 
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EBR-I has run very successfully and both the Americans 
and British are working on larger scale models, but un- 
foreseen problems that make fast reactors impractical are 
possible but are very unlikely. 

Advantages of fast reactors are: 


1. The conversion ratio is much higher than for thermal 
reactors, being of the order of 1.5 for fast and 0.7 to 1.0 for 
thermal reactors. 

2. Neutron cross sections are lower. This is an ad- 
vantage in that stainless steel may be used as the cladding 
and structural material along with sodium coolant. This 
results in a high thermal efficiency. Xenon and other 
materials which are poisons in thermal reactors are not 
serious in fast reactors. 

3. ‘The amount of control required is less than in thermal 
reactors since the poisons from the fission products are low. 


The disadvantages of fast reactors are: 


1. The minimum amount of fissionable material is 10 
to 100 times that required for a thermal reactor. However, 
for large power reactors, the amount of fissionable material 
in a thermal reactor may be several times the minimum in 
order to have adequate heat-transfer surface. 

2. Control of a fast reactor must be carried out by 
movement of the uranium core or blanket rather than by 
addition of a poison, since all materials have low cross 
sections. Because of the very short neutron life in fast re- 
actors, control must be rapid, but, as noted previously, the 
amount of excess reactivity needed is low. 


Since plutonium emits alpha rays and is extremely 
hazardous, the manufacture of fuel elements containing 
this element must be carried out in hoods with all opera- 
tions conducted through glove boxes. A special building is 
being designed to carry out the development of the special 
techniques required for plutonium and U-233 fuel elements. 
Shaw, Metz, and Dolio are doing the architect-engineer 
work for construction this winter at Argonne. An operat- 
ing pilot plant will be built as a part of the breeder pilot 
plant installation at Arco. 

_ The five reactors mentioned and the plutonium fuel ele- 
ment facility make up the construction authorized by the 
Government’s Five Year Program. In addition to these six 
projects, there are the Naval, Air Force, and Army programs. 
While these defense programs are not directed at the pro- 
duction of civilian power, they have contributed and will 
continue to contribute technical “know how” and ideas. As 
noted, the Shippingport Reactor is a follow-up of the work 
on the Submarine Thermal Reactor at Argonne and West- 
inghouse. Likewise, important work on liquid metals and 
components has been done at Knolls Atomic Power Lab- 
oratory by the General Electric Company as a part of their 
work on the Submarine Intermediate Reactor. The work 
on the so-called “‘Packaged Power Plant” for the Army will 
be directly applicable to small civilian power plants—as 
a matter of fact, many features of such plants might be 
identical. 

While not included in the Five Year Construction Pro- 
gram, there is a large Government program of reactor de- 
velopment in general and on specific reactors in some cases. 
Brookhaven National Laboratory is developing the liquid- 
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metals-fueled reactor in which a solution of uranium in 
bismuth is pumped through the reactor. This reactor also 
has promise of producing economic power, but at the time 
a choice of a limited number of reactors was made for im- 
mediate construction, this reactor appeared to be a longer 
range project. 

The Fluor Corporation has been designing a pressurized- 
light-water reactor in co-operation with North American 
Aviation Company. The installation cost is $174 per kilo- 
watt. Designs have been made of different plants to pro- 
duce from 60,000 up to 300,000 kw. The reactor could 
be of the dual-purpose type and produce plutonium as well 
as power. The plutonium could be sold to the Government 
for weapon use or recirculated to the reactor. 

The estimates of power costs as made by Fluor vary from 
5.5 to 7.75 mills per kwhr. The lower value of 5.5 mills 
was based on U-235 costs of $20 per gm, and the higher 
value on $50 per gm U-235. 

The Atomic Energy Commission spends about $125,000,- 
000 per year on development, construction, and operation 
of experimental reactors for all purposes including defense. 
This figure includes the cost of the auxiliary fuel fabrication 
and chemical processing plants. The total cost of construc- 
tion of the five reactors discussed above, along with the 
necessary fuel and chemical plants, will be in the neighbor- 
hood of $100,000,000 with perhaps another $100,000,000 
total from the yearly budgets used for direct development 
work and operation costs. The Shippingport Reactor will 
produce significant amounts of power and a portion of its 
costs will be recovered. The Duquesne Electric Company 
contributed $5,000,000 towards its construction. The 
three short-range projects, i.e., the Pressurized Water, the 
Boiling, and the Sodium-Cooled Graphite-Moderated Re- 
actors, will be completed in 1956 or 1957. North American 
Aviation will contribute about 2!/s-million dollars towards 
the construction of the latter one. The two longer-range 
projects of the Intermediate Homogeneous and Fast Breeder 
Reactors will be completed in 1958 and 1959, 


INDUSTRIAL PROGRAM 


N ADDITION to the Government’s program outlined 
briefly, several Government agencies or organizations 
16 private industrial studying the 
possibilities of building power  reactors.! 
Other groups are being organized. The Detroit Edison 
and associated companies have a sizable design and develop- 
ment program. The Nuclear Power Group, the Monsanto 
Chemical Company, and the General Electric Company 
have sizable design and study groups. The latter has 
recently announced interest in the boiling reactor and the 
high-pressure water-cooled graphite-moderated reactor. 
Westinghouse Electric Company is directly involved in the 
Shippingport Reactor as is the Duquesne Electric Company. 
Except for the Shippingport Reactor, none of these groups 
has made any announcement concerning specific plans to 
build reactors. 

The Commission has announced recently that it will 
consider the best design each year for partial Government 
support on the basis of plutonium purchase. This is a 
return to the dual-purpose concept. 


and groups are 


economical 
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In addition to private groups, the Tennessee Valley 
Authority and other Government agencies are watching 
nuclear-reactor developments to see if they should build 
nuclear-energy plants. 


DISCUSSION 


<—— objective of the Government’s program is to pro- 
vide the technical information necessary for design of 
full-scale power reactors. The medium-sized plants appear 
to be large enough that most technical problems will be met 
Act- 
ually, these pilot or intermediate-sized plants will use many 
items of equipment such as fuel elements, pumps, and heat 
exchangers which will be, or at least will approach, full 
scale. In the full-scale plants several pump and heat ex- 
changer loops will be used in parallel. 

After the pilot plants are placed in operation, they will 


and extrapolation to full-scale plants can be made. 


be used for experiments designed to improve the operation 
or to increase the power levels and to reduce the costs of 
reactors. 

The main technical problems that must be solved are 
primarily those involved with heat removal and safety. 
Heat removal in heterogeneous reactors is dependent 
on the development of satisfactory fuel elements and the 
utilization of these fuel elements at high heat-transfer rates 
as indicated earlier. 
element problem and reasonably satisfactory fuel elements 
have been produced. 
great amount of development work still remains to be ac- 
complished. 


Progress has been made on the fuel 


The costs have been high and a very 


Most of the fuel element development has been directed 
at complicated designs. Simpler, more readily manu- 
factured fuel elements must be developed. To be economic 
for power production only, a burnoutof at least one and pref- 
erably two atoms per hundred is required. This results in 
the addition of one or two atoms per hundred and the dis- 
placement of literally all the atoms present in the fuel 
element many times during its life. Not only must the fuel 
withstand these stresses and strains, but the heat-transfer 
rate through the metal must remain high. Luckily, the 
damage to the fuel-element cladding is only that caused by 
the neutrons and gamma rays. 

The second problem is that of heat-transfer rates. It is 
desirable that rates of 1,000,000 to 2,000,000 Btu/square 
foot hour be obtained, and even higher rates are desired. To 
get such rates requires high film temperature drops coupled 
with high liquid-flow rates with danger of erosion-corrosion. 
Rates approaching 1,000,000 with pressurized water may 
require film boiling. With liquid metals, heat transfer 
rates of 2,000,000 Btu/square foot hour may prove feasible. 
Flow rates of 35 to 40 feet per second appear as high as 
practical. 

The third problem is that of safety. If it is assumed that 
several per cent, say 2 per cent, of excess reactivity can be 
added instantaneously to an operating reactor, the power 
will rise exponentially at a very rapid rate. Melting or 
gasification of the fuel elements in the reactor might occur 
with release of the gaseous or all the fission products. To 
make certain that a series of errors cannot result in such an 
addition of excess reactivity, the reactor control systems are 
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designed to permit only small rapid changes in reactivity 
with the large changes being made slowly. Nevertheless, 
it is desirable that each reactor have some natural char- 
acteristic built into it that will shut the reactor down with- 
out danger of release of the fission products when an ex- 
If an inherent 
safety mechanism is built into the reactor, no serious harm 


cessive amount of reactivity is present. 


can occur if the operator makes an error. 

The control instrumentation systems are designed to over- 
ride and reverse operator errors. For example, in the 
Materials Testing Reactor, the instruments will reverse the 
direction of the control rods and shut down the reactor if 
the operator attempts to add reactivity at a rate which is too 
rapid. 

As noted previously, boiling in pressurized water and 
boiling reactors is an inherent safety mechanism since the 
boiling ejects the moderator. The sodium-cooled graphite- 
moderated reactor is potentially very safe because of ex- 
pansion with temperature rises. The Homogeneous Re- 
actor ejects some of the fuel from the core because of ex- 
pansion of the liquid-fuel solution. The Fast Reactor must 
be studied further, although the small Experimental Breeder 
has proven to be very safe. As an added final precaution, 
sealed buildings have been designed to prohibit the spread 
of fission products or plutonium in case of a catastrophe. 
Examples are the Research Reactor Building at Argonne 
and the steel sphere at West Milton, N. Y., built to 
house the Submarine Intermediate Reactor. 

In respect to economics, the Government’s program of 
five reactors will indicate trends, but realistic costs will not 
be obtained, even on the Shippingport Reactor. In the first 
place, this reactor is too small to be really economically 
competitive with larger fossil-fuel-fired plants, and in the 
second place, the reactor is being designed necessarily on a 
very conservative basis. The primary requirement is that 
it operate successfully. Once the reactor is in operation, 
the heat transfer rates and power levels can be pushed up- 
wards to determine the practical limits. 
expected that exhaustive experiments will be run on this 


It is hoped and 


reactor, even though it is in use for commercial power pro- 
duction. 

All the other reactors are being constructed for experi- 
mental development work with power generation, if any, 
as a secondary feature. In all cases fuel element life, 
operation and maintenance costs, and reactor life data will 
be obtained. These are the precise costs that must be 
assumed today. 

Industry is rapidly becoming acquainted with the benefits 
that might be derived from nuclear reactors. Not only can 
reactors be used for the dual purposes of production of 
power and weapon-grade plutonium, but also as a source of 
industrial chemical manufacture. The substitution of the 
nuclear radiations, neutrons and gamma rays, for part of 
the heat in pyrolytic chemical chain reactions appears 
possible in the manufacture of many chemicals. 
mits lower temperatures with decreased side reactions. 
Only the briefest exploratory work along these lines has 


This per- 


been done by the Commission, primarily by Bernard 
Manowitz and others at Brookhaven, and the British.’ It 
is rightly an industry problem and the Commission should 
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only point the way. Industry should look carefully at the 
use of nuclear reactors for combined power, plutonium, and 
chemical production. The 7-year contract for plutonium 
production permitted under the Atomic Energy Act of 
1954, combined with the production of power, chemicals, 
food sterilization, etc., should be very attractive. 

To be economical as power plants in the United States 
nuclear plants must be large, of the order of 500 to 1,000 
megawatts of heat. Such reactors with the power-produc- 
ing equipment are expensive. Estimates run from $175 to 
$400 per electric kw of installed capacity, or a cost of 
$30,000,000 to $70,000,000 per plant depending upon the 
size, the inventory, and whether or not heavy water is used. 
Heavy water increases the capital costs, but results in sub- 
stantially increased plutonium production and increased 
safety. 

To obtain cost data, including operating and mainte- 
nance costs, will require the construction of several full-scale 
plants. Under the “Reactor of 
the Year” plan, the Commission will provide some of the 
funds through loans or plutonium purchase agreements. 
While this may be necessary, industry should provide most 
of the funds. Five full-scale plants will require about $250,- 
000,000 for design and construction. Other funds, pre- 
sumably the Commission’s, will be required for the auxiliary 
fuel fabrication and irradiated fuel recovery plants. It 
makes little difference when these plants ‘are built, the 
costs will be about the same. Five plants of different types 
will provide really valid economic valuations and perhaps 


This is industry’s job. 


permit elimination of some of the types. Five such plants 
would produce about 1,000,000 kw of electric energy. 
Development costs for these plants should be small since 
the development program under way should provide the 
necessary information. 

The cost of nuclear power is expected to be somewhere 
near 6 mills/kwhr after the plants are fully developed. This 
cost breaks down into about 2 mills for the capital costs of 
the power plant, 1.5 mills for the capital charges on the 
reactor, 1.5 mills for the fuel, and 1 mill for operation. The 
fuel costs are based on the assumption that 2 atoms per 100 
may be burned and that high heat rates of the order of 
1,000,000 Btu/square foot hour may be obtained. Present 
fuel fabrication and recovery costs were included along with 
inventory charges on “utility” accounting. The potential 
developed costs of the homogeneous and fluid fuel reactors is 
lower than 6 mills; perhaps 5 mills might be considered. 
Costs using present reactor designs and techniques point to 
an average of something like 7 or 8 mills for the first plants 
to be built, since these plants will necessarily be designed on 
a conservative basis and the power levels increased slowly 
after the plants are in operation. 

Due to the high capital and low fuel charges, nuclear 
reactors will probably be used to supply base loads. 

The growth potential of the nuclear power industry is 
enormous. By 1975, it is expected that a large percentage 
of large new base load plants in the industrialized countries 
will be nuclear fueled. Perhaps several hundred million 
dollars per year will be spent on the nuclear plants alone. 
The development of nuclear reactors for fuel-poor areas is 
harder to evaluate because the markets for power are low 
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in some areas and construction costs are high. The nuclear 
reactor becomes most economic in units of 200,000 electric 
kw or so. Since at least two reactors are needed for con- 
tinuous operation, the power markets must be large. Re- 
actors might readily be used economically today to supple- 
ment the fossil-fuel-fired plants in Europe and in South 
Australia. The markets and electric grids are there and 
the fossil fuels are expensive. Small nuclear plants might 
be economical in areas where power costs over something 
like 15 mills per kwhr with intermediate-sized plants being 
useful in the 10 to 12 mill per kwhr range. The chief ad- 
vantage to a nuclear reactor is low fuel shipping charges, 
but return of irradiated fuel for recovery may prove very 
expensive and small chemical plants may prove to be ex- 
pensive. 

The United States’ market for nuclear power plants by 
1975 is expected to be of the order of several hundred 
million dollars per year. This includes the turbines and 
complete plants. The amounts of materials required may 
be something like those shown in Table I. 





Table I. Nuclear Materials Required by 1975 
Material Annual Tons Total Tons 
D.O.. 1, 000-2 ,000 25, 000-50, 000 
Wikiscews> 2,000-—4 , 000 10, 000-25 ,000 


eee 4, 000-8 ,000 


30, 000-50, 000 


It is expected that the power cost reduction in large 
sections of this country will be 1 to 2 mills in fully developed 
plants below that of fossil fuel plants. This should result 
in an even more rapid expansion of the power industry. 
The use of heat pumps for home heating and increased use 
of electric furnaces for steel production are examples of 
expected changes. 

The development of reactors to drive ships may prove 
Advantages are, of course, low fuel 
However, these 


to be economical. 
weights and low frequency of refueling. 
costs must be balanced against high construction and in- 
ventory costs. These costs may overbalance the saving in 


fuel. 


CONCLUSION 


N the 12 years since controlled nuclear fission was 
demonstrated in Chicago, enormous strides toward 

economical nuclear power have been made. In the past 
2 years, since the Commission’s attention has been 
focussed on nuclear power, progress has been especially 
rapid. The problems have been delineated; progress has 
been made toward solution of most of them; and the re- 
maining problems are now well on their way toward 
solution. 

To obtain the maximum benefits will require continued 
co-operation of industry and Government. The goal is 
lowered costs and increased profits. At the same time, it 
will help the entire world to raise its standard of living. 
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Semiconductor Devices in Regulated Rectifiers 


B. HH. HAMILTON 


ASSOCIATE 


REMENDOUS advances have been made in semicon- 
ductor technology during the past 5 years. One of the 
many fields to benefit from this progress has been power 
rectification. The extended area, germanium junction 
diode is now a reality. The possibility of using silicon 
instead of germanium to provide greater freedom from am- 
bient temperature limitations looks promising. These new 
rectifying elements have improved the size, weight, effi- 
ciency, and reliability of rectifier equipments. To keep 
pace with the rectifying elements, there is need for corre- 
sponding improvements in regulating circuitry. It is 
the author’s belief that this challenge will be met by the 
wider application of semiconductor devices in regulating cir- 
cuits. This digest shows some uses of these devices in 
the feedback loop of a regulated metallic rectifier. For a 
more general treatment of this subject, see reference 1. 
The type of rectifier chosen for an example is one suitable 
for charging and floating telephone central office batteries. 
To obtain maximum life from the batteries, the rectifier is 
voltage regulated for load currents within the rating of the 
unit. To protect the rectifier when connected to dis- 
charged batteries, the rectifier must change from constant 
voltage to constant-current regulation at full load. The 
block diagram of an appropriate circuit is shown in Fig. 1. 
In the circuit, the a-c input passes through a transformer to 
obtain the desired input voltage to the magnetic amplifier 
and rectifier. The magnetic amplifier, the power stage of 
the regulating circuit, controls the rectified voltage or cur- 
rent. The rectified direct current is filtered, passed through 
a current sensing element, and connected to the battery 
and associated load. Two voltage signals are fed into the 
gate circuit Vy and V;. Vy is an adjustable portion of 
the rectifier output voltage. When the load current is 
within the rating, the output voltage of the gate circuit Vz 
is equal to Vy. In the error detector Vg is compared to 
the reference voltage Vs. Any change in the error voltage 
Vz-Vs causes a proportional change in the output current 
of the error detector. This signal is amplified by the 
current amplifier and drives the mmf-controlled magnetic 
amplifier, completing the negative feedback loop. The 
other input voltage to the gate circuit V; is proportional to 
load current and is adjusted so that V; becomes equal to 
Vy at full load. When V; becomes larger than Vy, the 
gate circuit makes Vp equal to V; and blocks Vy. This 
action switches the rectifier from constant voltage to con- 
stant current regulation. 
Semiconductor devices can be profitably applied in six 
of the boxes in the block diagram: the rectifier, the current- 
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sensing element, the gate circuit, the voltage standard, 
the error detector, and the current amplifier. The recti- 
fier stack consists of six fan-cooled large-area germanium 
cells. The current-sensing element is a saturable reactor 
with a rectified output connected to a resistor. The volt- 
age V, developed across the resistor is proportional to load 
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Fig. 1. Block diagram of the feedback loop 


current. The gate circuit’s simple logic function is easily 
obtained diodes. 
biased in the avalanche breakdown region provide a con- 
venient reference voltage.2* Two 50-milliwatt junction 
transistors in an emitter-coupled, push-pull circuit provide 
an extremely stable error detector. 
is also a push-pull circuit utilizing two 50-milliwatt and two 
2-watt transistors with degenerative feedback. 

An experimental 10-kw rectifier with the foregoing type 
of regulating circuit has been constructed. 
that a regulating accuracy of +1/2 per cent (voltage o° 
current) is easily obtainable over the ambient temperature 
range of 0 to 40 C. It is concluded that the field of semi- 
conductor technology will contribute significantly to the 
variety of devices available to regulated rectifier designers. 


with two 


Silicon alloy diodes when 


The current amplifier 


It was found 
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Resistance of Grounding Systems 


hae 


SCHWARZ 
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anaes ICAL expressions for the resistance to infinite 
ground are found in the technical literature for simple 
The present digest 
aims to establish generally applicable relations for the re- 


shapes of ground electrodes and wires.' 


sistance of more complex configurations such as grids and 
rodbeds. 

The commonly accepted formula for the resistance of a 
straight horizontal conductor can be modified to account 
for any deviation from the straight extension so that 


p 2L 
R= loge — 1+A (1) 
aL a 


where p is soil resistivity, L is conductor length, and a’ 
is (conductor diameter X depth)'”?. In the case of a ground- 
ing grid, where several interconnected wires with a total 
length of L cover a certain area A, the additive term (N — 1) 
in equation 1 will have to be a function of the dimensionless 
quantity L//A, the “density” of conductor length per 
linear extension of the area. For infinite density the resist- 
ance of a plate is approached constituting one boundary 
condition for this function. As the other extreme the re- 
sistance for a simple loop encircling the area A may be 
chosen. The functional relation for intermediate values 
will have the form of a power series. Remarkably close 
agreement with actual test data? and the results of compu- 
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tations by others’ is already obtained if the series is broken 
off after the first two terms and the coefficients are solved 
for the boundary conditions. The result is the general ex- 


pression 
2L L 
r= (tose “ +h, me am :) (2) 
rL a V/A 


for the resistance of a grid. Values of the coefficients k, 
and ky for different shapes of the area and various depths 
are plotted in Figs. 1 and 2. Values for other arrange- 
ments may be developed accordingly. 

Similarly, the resistance of n closely spaced rods of 1 
length and 6 radius can be written 


p 41, 
R=—-_(1 sheet 3) 
ical vit Ulivi ) 


neglecting the influence of earth fill over the top of the rods. 
Term N must be a function of the spacings between each 
of the n rods with all the other (n — 1) rods. The spacings 
in turn are related to the linear extension of the area +/A. 
For practical cases, where 4/A > Ly, expression 


: Ly 
N =2k, —= (V/n-1)? (4) 
VA 
satisfies both limiting conditions and furnishes results in 
close agreement with published data for the resistance of 
rodbeds. 

Arrangements consisting of rodbeds and grids have a 
combined resistance lower than the resistance of either 
component, but higher than that of a plate equal to the 
area covered. Addition of rods will, in general, lower the 
grid resistance by not more than 5 per cent. This combi- 
nation is, therefore, only justified to utilize the resistivity of 
lower strata or to provide a reliable ground source, while 
the grid serves as equalizer for ground fault potentials. In 
either case, the rodbed alone should provide the required 
ground resistance. 

For practical purposes the expressions are unaffected by 
irregularities in wire or rod distribution. Thus for mats of 
irregular shape or interconnected grids, the resistance may 
be estimated by using as A in equations 2 or 4 the area 
enveloped by the farthest outside wire or a line passing 
through all rods at the extreme position. 
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Safety in College Electrical 


Laboratories 


M. S. COOVER 


FELLOW 


LL permanent wiring in 
r.% electrical laboratories 

is expected to comply 
with the National Electrical 
Code. It isnot the purpose of 
this article to deal with items 
that are covered in the Code 
but rather with general cir- 
cumstances under which in- 
struction is given within labo- 
ratory programs. The normal procedure in undergraduate 
laboratory teaching is to have students complete a different 
This in- 
volves the assembly of instruments and equipment, all to be 
wired properly for observation and the recording of per- 
formance data. 


laboratory exercise during each class period. 


The wiring is temporary; it is exposed. 
Voltages at which those temporary circuits operate may 
range from a few microvolts to several thousand volts as 
supplied by vacuum tubes, batteries, generators, trans- 
formers, or rectifiers at frequencies from zero to those en- 
countered in the propagation of microwaves. It is safe 
to say that instruments and small apparatus used in lab- 
oratory experiments normally are almost never mounted 


permanently. 


RESPONSIBILITIES OF INSTRUCTOR 


9S Bion: care must be exercised by the instructor that 
temporary wiring cannot be tripped over by anyone 
or that instruments cannot be pulled off the bench or table 
by someone accidentally bumping into the temporary 
It is the instructor’s responsibility to make a final 
check to see that all instruments selected are of the proper 
range, and that all circuits to be energized are properly fused 
or include a circuit breaker of proper rating and setting. He 
should encourage all students in the squad to follow him 
carefully as he checks the wiring before giving approval to 
proceed with the exercise. 

Most students of electrical engineering are reasonably 
aware of the personal hazards attending electric circuits 
before they advance in their curriculum to their first course 
The same may be 


leads. 


involving the electrical laboratories. 
attributed to nonelectrical students. However, the in- 
structor must not take this for granted. He should call 
attention to potential hazards whenever and wherever they 
exist. He may sometimes forget to do this through familiar- 
ity and repetition but if he relaxes, he is neglecting what 
should be considered to be the most vital and serious of his 
obligations in the performance of his duties within electrical 
laboratories. 

Among other obligations that the instructor should 


FEBRUARY 1955 


It has been the unanimous opinion of the AIEE 
Committee on Safety that if the colleges are 
operating in a manner which does not bring the 
students’ attention to the importance of safety, 
then those students are not being prepared 
properly for their work in industry. This is 
how one college is handling this important part 
of the curriculum. 


ATRRE 


assume, and one that is owing 
to the students, is to impress 
them that they too have cer- 
tain responsibilities that they 
must assume. <A _ procedure 
that will yield good dividends 
let it 
be known at the beginning of 


to the institution is to 


each new class that in lieu of a 

deposit fee to cover probable 
damage to instruments and apparatus, the policy is to 
hold each and every member of a squad accountable in 
case of damage, the assessment against the damage being 
divided equally among those in the squad regardless of 
the individual who made the wrong move. 
a policy is enforced, damage has been found to be reduced, 


When such 


respect for apparatus and instruments increased, and 
definite responsibility is in evidence. For reasons that are 
well understood, the highest degree of caution seems to be 
exercised by the sophomores but whether the class is one of 
sophomores, juniors, or seniors, sooner or later someone 
gets careless. On learning of the assessment against the 
first case of damage, the tendency for others is to experience 
a sobering influence. Another responsibility of the instruc- 
tor at the beginning of each new class might well be to ac- 
quaint the students with the approximate replacement cost 
of instruments and apparatus that most frequently are ex- 


posed to misuse. 
RESPONSIBILITIES OF THE INSTITUTION 
y ‘HERE is no safety in numbers. 
that ‘‘one learns best by doing” forever remains a self- 
evident truth. 
laboratories means that the size of the squad should be ad- 
justed to the particular laboratory in a manner that each 


The age-old axiom 


Applying this axiom to the several electrical 


student is performing during each laboratory period and 
that no one is idle or just being entertained. Following this 
reasoning, the number of squads in the particular labora- 
tory class should not exceed the ability of the instructor to 
handle the program satisfactorily and safely. There is 
grave danger of an unbalance occuring here through the 
necessary adjustment of the economic circumstances of 
some institutions to the increasing number of students 
in attendance. 

It has been found that opinion varies among institutions 
on the need for safety education. Some feel that safety 
education can be over-done and that frequently there is 
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too much stress on safety instruction for the reason that 
college students are in a different category than production 
employees in an industrial plant. Others express the 
opinion that a reasonably continuous introduction of cau- 
tion relating to the particular laboratory exercise inherently 
develops safety-consciousness and students thereby form 
the habit of being careful. 

If it were possible to lay out a perfect safety program on 
paper, it still would require genuine participation on the 
part of all instructors and all students. Pride in accom- 
plished results has its very definite and proper place. In- 
terest on the part of each and everyone in the laboratories 
must be continuous, if best results are to be achieved. 
Everyone performing in the laboratories must consider it to 
be his moral obligation to be alert at all times to circum- 
stances under which he is working, being ever unrestrained 
to call attention to potentially unsafe conditions or unsafe 
elements in procedure wherever they are in evidence or 
thought to be in evidence, and never hesitate to make 
proposals for improvement relating to safety. 


ARTIFICIAL RESPIRATION 


oe who is interested in safety measures relating 
4 to artificial respiration is familiar with the instructions 
for resuscitation from electric shock by the prone-pressure 
method. Copies of instructions on this method as supplied 
by the AIEE Committee on Safety were framed and placed 
in the several laboratories of the Department of Electrical 
Engineering at the Iowa State College in the late 1930’s. 
Copies also were distributed to all students entering the 
laboratories for the first time so that they could have them 
in their notebooks. The instructions were included with 
their first assignment. Beginning in the fall of 1954 all 
students are receiving a copy of instructions in the back- 
pressure arm-lift method. These instructions will supplant 
those on the prone-pressure method. 

Research on artificial respiration in recent years has not 
only served to point out certain limitations in the prone- 
pressure method, but it also has served to develop modifi- 
cations, or more specifically, two new methods. One is 
known as the back-pressure arm-lift method, popularly 
known as the Hogler Neilsen method, and the other as the 
back-pressure hip-lift method. These two new methods 
,and their relative advantages are very ably described in a 
pamphlet; single copies of the pamphlet are available on 
request.* In December 1952, the American Red Cross, 
the American Gas Association, the Army, the Navy, and 
many other organizations adopted as standard the back- 
pressure arm-lift method for the reason that it is less difficult 
to apply than the hip-lift method; also for the reason that 
this method has certain advantages over the prone-pressure 
method. 

All students should be urged to learn thoroughly at least 
one method of administering artificial respiration and pref- 
erably the newly developed back-pressure arm-lift method. 


LABORATORY SAFETY RULES 


_ out of experiences over the years is the compila- 
tion of safety rules that follow. They have been re- 
produced on sheets, 30 by 54 inches, framed, and hung 
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prominently on walls of the Electrical Machines Labora- 
tory at the Lowa State College. 


NEVER HURRY. Haste causes many accidents. 
CONNECT to the SOURCE of power LAST. 
DISCONNECT the SOURCE of power FIRST. 

BURNS from the ARCS may be very SEVERE. 

Always ASSUME that circuit SOURCES are ALIVE. 
Remember that any laboratory circuit may be energized 
at any time. 

WORK DELIBERATELY and carefully as you proceed. 

VERIFY your CONNECTIONS and be sure that they 
have been made secure. 

AVOID PLACING ANY PART OF YOUR BODY IN 
CIRCUIT, either to ground or across terminals. 

NEVER CLOSE A CIRCUIT UNTIL INDIVIDUALS 
ARE CLEAR of mechanical equipment and circuit 
breakers. 

KEEP the FACE away FROM CIRCUIT BREAKERS. 

AVOID the possibility of EXPOSING your EYES TO 
electric ARCS, for they are powerful generators of ultra- 
violet light, including wavelengths that may cause 
serious and painful injury to the eyes, even with very short 
exposures. 

NEVER CLOSE A SWITCH SLOWLY OR HESITAT- 
INGLY. 

CLOSE AND OPEN CIRCUITS WITH SUITABLE 
APPARATUS. 

CHECK the supply circuit VOLTAGE to see that it is 
what you expect—either alternating or direct current— 
BEFORE CLOSING CIRCUITS. 

AVOID running WIRES OVER or under a BELT. 

NEVER STEP OVER A BELT while it is in motion. It 
may break or run off at any time. 

KEEP WATCH CHAINS, finger rings, wrist watches, 
metallic pencils, metal-bound measuring rules, etc., 
OUT OF CONTACT WITH LIVE PARTS when 
working around electric apparatus. 

KEEP NECKTIES and loose clothing AWAY FROM 
moving BELTS or rotating parts of machinery. 

USE EXTREME CARE WHEN BREAKING AN IN- 
DUCTIVE CIRCUIT. 

DO NOT LIFT BRUSHES from a commutator or slip 
ring while machines are in operation. 

DO NOT USE VOLTMETERS UNTIL the ends of the 
two LEADS are FASTENED FIRMLY to suitable posts 
ON THE INSTRUMENT. 

DO NOT, UNDER ANY CIRCUMSTANCES, open the 
secondary of a current transformer while it is carrying 
current. 


OTHER CONSIDERATIONS 


ps eases have been times within the knowledge of every- 
one when an accident has not resulted in an injury, or 
that an accident has resulted in a minor injury to which 
little or no attention was paid. Each of these incidences 
should serve as a warning to avoid repetition with prob- 
ability of serious injury, and everyone, particularly those 





*Pamphlet by Dr. F, A. Van Atta, Industrial Hygienist, National Safety Council. 425 N. 
Michigan Ave., Chicago 11, III. 
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on the teaching staff, should be acquainted with the cir- 
cumstances so that immediate steps can be taken to make 
proper corrections. 

The Department of Electrical Engineering at the lowa 
State College has made a special effort to be safety-con- 
scious over the years. Recognizing the vital importance of 
accident prevention in the operation of its laboratories, the 
staff joined as a team several years ago in making a studied 
approach toward the establishment of more definite in- 
structions on safety and safety measures. Various pro- 
cedures were tried and attention directed to the proper use 
of rotating machinery, to the proper handling of both low 
and high voltages, and to the importance of acquainting 
everyone with the location of first-aid kits, fire extinguishers, 
posted telephone numbers of hospitals and physicians, etc. 
It has been realized all along that the crowded curriculum 
in electrical engineering could not admit an extensive 
safety training program, yet the department would be 


derelict if it did not inform the students of the efforts to 
minimize the chance of accident. Students and teaching 
staff alike always have been urged to realize the importance 
of safety instruction and safety measures. They always are 
urged to offer suggestions for improvements. 

In relation to safety, it may be emphasized that there is 
no substitute for good housekeeping. The staff has been 
particularly scrupulous about it and rightfully proud of the 
excellent daily appearance. Though difficult to prove, 
good housekeeping does have its tangible influence on 
accident prevention. Furthermore, good housekeeping in 
itself sets a good example to students though they may not 
be fully cognizant of it while in school. 

Being mindful of the crowded curriculum, the problem 
then that really confronts a teaching staff is how best to 
maintain a high-level safety program in all of its aspects 
through the student’s college career. 
rewards. 


Vigilance hath its 
Prevent the accident before it happens. 
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JOINT SUBCOMMITTEE ON TELEMETERING TERMINOLOGY 


HIS publication is the result of the efforts of the Joint 
Subcommittee on Telemetering Terminology of AIEE 
and IRE (The Institute of Radio Engineers) to foster 
a common nomenclature in the various branches of tele- 
metering. Sponsored by the AIEE through the Committee 
on Instruments and Measurements and its Group Sub- 
committee on Telemetering, and by the IRE through the 
Professional Group of Telemetry and Remote Control, it 
is not intended to be all inclusive. This sponsorship is not 
intended to imply agreement by the sponsoring groups with 
the definitions as given, nor is it intended in any way to 
convey approval of, or a preference for, these definitions or 
terminology. It is hoped that it will aid personnel in the 
compilation of telemetering reports and be of assistance 
when telemetering specifications are drafted by industrial 
and government establishments. It is essentially that sub- 
mitted at the Workshop Session of the National Telemeter- 
ing Conference in Chicago, May 1954, at the Hotel Morri- 
son, which was sponsored by AIEE, IRE, IAS (Institute of 
Aeronautical Sciences), and ISA (Instrument Society of 
America). 
The general policy governing the inclusion of terms has 
been: 


1. No definitions to be included in the glossary unless 
there is a definite need for them. 

2. Webster’s definitions to be used if they apply. * 

3. ASA (American Standards Association) definitions 
to be used where possible. * 
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4. AIEE or IRE or other authentic proposed defini- 
tions to be used with modifications only if necessary. 

5. New definitions are proposed only when considered 
necessary and where no known suitable definition exists. 


No effort has been made to include terms defined in 
existing formal glossaries, such as American Standard 
Definitions of Electrical Terms ASA-C 42. It is realized 
that many terms defined in other publications apply to 
telemetering as well, and it is expected that these documents 
will assist in the standardization of telemetering nomencla- 
ture. Such pamphlets include: 


Automatic Control Terminology, ASME (The American 
Society of Mechanical Engineers) 

ASME Terms from Automatic Control Section 
matic Control 

A Glossary of Terms in Nuclear Science and Technology, 


ASME 


Auto- 


A few of the definitions are known to be controversial. 
The definitions included have been interpreted by the com- 
mittee as being ones with widespread approval. It is hoped 
that a publication such as this will foster discussion and 
hasten agreement so that they may be recommended for 
American Standards Definitions. 





* These definitions need not be repeated in the present glossary and are considered 
satisfactory except where they conflict with the specific terms defined herein. 


A special article recommended for publication by the AIEE Committee on Instruments 
and Measurements. 
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Contributors to this work have been so extensive that it 
The National 
Telemetering Forum submitted a list of terms which formed 
the initial effort. To all organizations and individuals who 
assisted in the preparation of these definitions the com- 
mittee extends its grateful acknowledgment. 

Members of the Joint Subcommittee on Telemetering 


is impractical to recognize all adequately. 


Terminology are: 

W. J. Mayo-Wells, 
Chairman 

J. L. Blackburn 


Johns Hopkins University, Silver 
Spring, Md. 

Westinghouse Electric Corporation, 
Newark, N. J. 

Bristol Instrument Company, Water- 
bury, Conn. 

Yonsultant, Princeton, N. J. 

Bendix Aviation Corporation, 
bank, Calif. 

Bendix Aviation Corporation, Misha- 
waka, Ind. 

C. H. Hoeppner W. L. Maxson 
York, N. Y. 
Consolidated Vultee Aircraft 

pany, Calif. 
General Electric Company, West Lynn, 
Mass. 


P. A. Borden 


J. F. Brinster 
R. E. Colander 


Bur- 
R. L. Harding 
Corporation, New 
M. V. Kiebert Com- 


E. E. Lynch 


M. G. Pawley 
W. E. Phillips 


Corona Laboratory, Corona, Calif. 
Leeds & Northrop Company, Phila- 
delphia, Pa. 
Johns Hopkins 
Spring, Md. 
Johns Hopkins 
Spring, Md. 


G. M. Thynell University, Silver 


F. L. Verwiebe University, Silver 
G. F. C. Weedon 
Ontario, Toronto, Ont., Canada 
National Bureau of Standards, Wash- 


ington, D. C. 


W. A. Wildhack 


The following is a glossary of some telemetering terms 
as of October 1954: 


ACCELEROMETER. 
ment that measures one or more components of acceleration. 
(a) 

ACCURACY. Accuracy, if an indicated or recorded 
value, is a measure of conformity to an accepted standard. 
(b) 

AMBIENT. The surrounding medium is the ambient. 

AMBIENT CONDITIONS. The conditions of the sur- 
rounding medium, e.g., pressure, etc., are ambient condi- 
tions. (b) 

AMPLITUDE MODULATION. Amplitude modula- 
tion, or AM, is a method of conveying intelligence by vary- 
ing the amplitude of a wave. (c) 

BAND. A band is a limited continuous region which is 
part of a more extended region. 


An accelerometer is an instru- 


Used in connection with 
frequencies, pressures, etc. (b) 

(a) Modified Webster Definition 

(b) New Definition 

(c) Standards on Antennas, Modulation Systems, Transmitters, Definition of Terms, 
IRE, 1948 

(d) Proposed Standards on Receivers, Definition of Terms, 51 IRE 17 PS2 

(ce) Proposed AIEE and ASA Definition 
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BANDWIDTH. Bandwidth is the extent of the band. 
The particular method and convention to be followed in 
defining the extent is to be specified. (b) 

BAUD. A baud is a unit of signaling-speed derived 
from the duration of the shortest code element. By exten- 
sion, the speed in bauds is the number of code elements 
per second. (c modified) 

BI-DIRECTIONAL PULSES. Single polarity pulses, 
not all of which have the same sense of departure from nor- 
mal, are bi-directional pulses. (c modified) 

BINARY CODE. A binary code is a code composed 
of a combination of entities, each of which can assume one 
of two possible states, and which is identifiable in time or 
space. (b) 

BIT. A bit is a quantity of intelligence which is carried 
by an identifiable entity, and which can exist in either of 
two states. (b) 

CALIBRATION ACCURACY. The finite degree to 
which a device can be calibrated is its calibration accuracy. 
(Influenced by sensitivity, resolution, and reproducibility 
of the device itself and the calibrating equipment.) Usually 
it is expressed in per cent of full scale. (b) 

CARRIER. A carrier is a wave suitable for modulating 
by a modulating wave. (c and d) 

CARRIER-TO-NOISE RATIO. The carrier-to-noise 
ratio is the ratio of the magnitude of the carrier to that of 
the noise after selection and before any nonlinear process, 
such as amplitude limiting and detection. (c modified) 

CHANNEL, TELEMETERING. 
to convey the magnitude of a single telemetering measurand 
is the telemetering channel. (b) 

CHANNEL PULSE. 
on a channel by virtue of the modulation characteristic is 
the channel pulse. (b) 

CLAMPING CIRCUIT. 


either amplitude extremity or a waveform at a certain 


The route required 


A pulse representing intelligence 


A circuit which maintains 
potential level is a clamping circuit. (b) 

CLIPPER. 
or a fixed value for instantaneous input amplitudes up to a 
certain value, but which has an output that is a function of 
input for amplitudes exceeding the critical value.  (c 
modified) 

CLIPPER LIMITER. 
whose output is a function of the instantaneous input ampli- 
tude for a range of values lying between two predetermined 
limits but is approximately constant at another level, for 
input values above the range. (c modified) 

COMMUTATION SWITCH. A commutation switch 
is a device used to execute repetitive sequential switching. 
(b) 

CROSS MODULATION. Cross modulation is modu- 
lation of a carricr of the desired signal by an undesired 
signal. (d) 

CROSS TALK. 
channel originating in another channel of the same system. 
(b) 

DECODING. 
intelligence from a code signal. 


DETECTION. 


A clipper is a device whose output is zero 


A clipper limiter is a device 


Cross talk is interference in a given 


Decoding is the process of obtaining 
(b) 


The process by which a wave corre- 
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sponding to the modulating wave is obtained in response to 
a modulated wave is detection. (d modified) 

DEVIATION FROM LINEARITY. In per cent of 
full scale, deviation from linearity is the maximum devia- 
tion of a curve from the most favorable straight line that 
can be drawn through the curve. The method of deter- 
mining the most favorable line must be stated. (b) 

DEVIATION RATIO. In a_ frequency-modulating 
system, the ratio of the maximum frequency deviation to 
the maximum modulating frequency of the system is its 
deviation ratio. (c) 

DISCRETE SAMPLING. In discrete sampling, the 
individual samples are of such long duration that the in- 
telligence frequency response of the channel is not deterio- 
rated by the sampling process. (b) 

DISCRIMINATOR, FREQUENCY. A frequency dis- 
criminator is a device which responds only to a given set of 
frequencies having a particular characteristic, such as 
duration, amplitude, period. (c modified) 

DISCRIMINATOR, PULSE. A pulse discriminator 
is a device which responds only to a pulse having a parti- 
cular characteristic, such as duration, amplitude, period. 
The latter is also called a time discriminator. (c modified) 

DISCRIMINATOR, PHASE. A phase discriminator 
is a device in which amplitude variations are derived in re- 
sponse to phase variations. (c modified) 

DUTY FACTOR. In a pulse carrier composed of 
pulses that recur at regular intervals, the product of the 
pulse duration and the pulse repetition frequency is the duty 
factor. (c) 

END DEVICE. An end device is the final system ele- 
ment that responds quantitatively to the measurand and 
performs the final measurement operation. (e) 

ELECTRIC TELEMETERING. Electric telemetering 
is telemetering performed by deriving from the measurand 
or from an end device a quantitatively related separate 
electrical quantity or quantities as a translating means. (e) 

ERROR. The error of an indicated value is the differ- 
ence between the indicated value and the true value of the 
quantity measured. (It is the quantity which algebraically 
subtracted from the indicated value gives the true value. 
A positive error denotes that the indicated value of the 
instrument is greater than the true value.) Usually ex- 
pressed in per cent of full scale. (b) 

FRAME. One cycle of a cyclically recurring number of 
pulses is a frame. (b) 

FRAME FREQUENCY. The number of frames per 
unit time is the frame frequency. (d modified) 

FRAME SYNCHRONIZING PULSE. A frame syn- 
chronizing pulse is a recurrent signal establishing each 
frame. (b) 

FREQUENCY DEVIATION. Frequency deviation is 
the deviation in frequency from its assigned value. (d 
modified) 

FREQUENCY MODULATION. Frequency modula- 
tion is angle modulation in which the instantaneous fre- 
quency of a sine wave carrier is caused to depart from the 
carrier frequency by an amount proportional to the in- 
stantaneous value of the modulating wave. (d) 

FREQUENCY MODULATION DEVIATION. The 
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peak difference between the instantaneous frequency of a 
modulated wave and the carrier or reference frequency is 
the frequency modulation deviation. (d) 

FREQUENCY MULTIPLEX. A technique for the 
transmission over a common path of two or more signals, 
each characterized by a distinctive reference frequency or 
frequency band is frequency multiplex. (b) 

FREQUENCY RESPONSE CHARACTERISTIC. 
The frequency response characteristic is the variation with 


frequency of the gain or loss of a device or a system. (d) 
FREQUENCY SHIFT KEYING. Frequency shift 


keying is that form of frequency modulation in which the 
modulating wave shifts the output frequency between pre- 
determined values and the output wave is coherent with no 
phase discontinuity. (c) 

FREQUENCY SWING. In frequency modulation, the 
peak difference between the maximum and the minimum 
values of the instantaneous frequency is the frequency swing. 
(c) 

FRICTIONAL ERROR. Frictional error as applied 
to pickups is the difference in values measured in per cent 
of full scale before and after tapping, with the measurand 


constant. It is usually expressed in per cent of full scale. 
(b) 
HARTLEY. A Hartley is a unit of information con- 


tent, equal to one decimal decision, or the designation of 
one of ten possible and equally likely values or states of 
anything used to store or convey information. NOTE: A 
Hartley may be conveyed by one 10-ary code element. 
One Hartley equals log210 bits; (log2zi0 = 3.323). (b) 

HYSTERESIS ERROR. The hysteresis error is the 
maximum difference in per cent of full scale in readings 
obtained by making a complete full scale cycle of the meas- 
urand at a specific value of the latter. It is usually expressed 
in per cent of full scale. (b) 

INDICATOR. An indicator is an instrument which 
makes information available but in which there is no pro- 
vision for storage of such information. (b) 

INDICATION. Indication is the display to the human 
senses of information concerning the measurand. (b) 

INTERFERENCE. In a signal transmission system 
interference is the extraneous power which tends to inter- 
fere with the reception of the desired signals. (d) 

KEYING. Keying is the forming of signals such as 
those employed in telegraph transmission by an abrupt 
modulation of the output of a direct-current or an alter- 
nating-current source as, for example, by interrupting it 
or by suddenly changing its amplitude or frequency or 
some other characteristic. (c) 

LIMITER. A limiter is a device whose output is virtu- 
ally constant for all inputs above a critical value. (c) 

LINEARITY. | Linearity is a relationship existing be- 
tween two quantities when the change in one quantity is 
exactly and directly proportional to the change in the other 


quantity. NOTE: The quantities and ranges involved 
must be clearly specified. (b) 
MEASURAND. A measurand is a physical quantity, 


property, or condition which is to be measured. (e) 
MODULATION. Modulation is the process or the 
result of the process in which the amplitude, frequency, or 
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phase of a wave is varied with time in accordance with a 
wave. (b) 

MODULATION INDEX. Modulation index is a 
measure of the degree of modulation for any type of modu- 
lation. (b) 

MULTIPLE MODULATION. Miultiple modulation 
is a succession of processes of modulation in which the 
modulated wave from one process becomes the modulating 
wave for the next. (c) 

NATURAL FREQUENCY. 
of a body or system are the frequencies of free oscillation. 
(b) 

NOISE. Any electrical disturbance tending to interfere 
with normal reception of a transmitted signal is noise. (d) 

PHASE DEVIATION. 
the instantaneous angle of the modulated wave and the 
angle of the carrier is phase deviation. (c) 

PHASE MODULATION. 
modulation in which the 
caused to 


The natural frequencies 


The peak difference between 


Phase modulation is angle 
angle of a sine wave carrier is 
depart from the carrier angle by an amount 
proportional to the instantaneous value of the modulating 
wave. (c) 

PHASE RESPONSE CHARACTERISTIC. The phase 
response characteristic is the phase displacement versus fre- 
(d modified) 


device which 


quency properties of a network or system. 
PICKUP. 


magnitude (which may be of a measurand) into a corre- 


A pickup is a converts a 
sponding electric signal. (b) 
PRIMARY DETECTOR. 


first system element or group of elements that responds 


A primary detector is the 


quantitatively to the measurand and performs the initial 
measurement operation. (e) 

RECORDER. 
age of information concerning the relationship among vari- 


ables. (b) 


A recorder is an instrument for the stor- 


RIPPLE. Per cent ripple is the ratio of the effective 
root-mean-square value of the ripple voltage to the average 
value of the total voltage, expressed in per cent. (d) 

SAMPLE, INTELLIGENCE. A part of a signal used 
as evidence of the quality of the whole is the sample of in- 
telligence. (b) 

SIGNAL. The signal in telemetering is the electrical 
intelligence or message conveyed. (b) 

SIGNAL-TO-NOISE RATIO. The signal-to-noise 
ratio is the ratio of the magnitude of the signal to that of 
the noise. This ratio is often expressed in decibels. (d) 

SUBCARRIER. A subcarrier is a carrier which is ap- 
plied as a modulating wave to modulate another carrier. 
(c) 

SYNCHRONISM. Synchronism expresses the phase 
relationship between two or more periodic quantities of 
the same period when the phase difference between them is 
zero. (e) 

TELEMETERING.  Telemetering is measurement with 
the aid of intermediate means which permit the measure- 
ment to be interpreted at a distance from the primary de- 
tector. NOTE: The distinctive feature of telemetering is 
the nature of the translating means, which includes pro- 
vision for converting the measurand into a representative 
quantity of another kind that can be transmitted conven- 
iently for measurement at a distance. The actual distance 
is irrelevant. (e) 

TIME DIVISION MULTIPLEX. Time division mul- 
tiplexing is the process of transmitting two or more signals 
over a common path by using different time intervals for 
different signals. (c modified) 








(b) New definition 

(c) Standards on Antennas, Modulation Systems, Transmitters, Definition of Terms, 
IRE, 1948 

(d) Proposed Standards on Receivers, Definition of Terms, 51 IRE 17 PS2 

(ec) Proposed AJEE and ASA Definition 
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Equipment Is Tested 


Devices which will eliminate fires following survivable 
airplane crashes are tested with this elaborate setup at 
Walter Kidde and Company, Inc.’s Proving Ground, 
Belleville, N. J. 

Here all airport fire safety precautions are taken when 
starting the Wright turbo compound engine. It is valued 
at $55,000, develops 3,500 hp, and is the type used to 
power the DC-7 and the Super Constellation. The engine 
is controlled from the shed (at left) which contains elaborate 
photographic equipment to record conditions. 

Certain combinations of reaction, deformation, and in- 
ertia switches trigger the systems electrically at the moment 
of impact. After 0.008 of a second, they spray the nacelles 
with a solution which both cools and inerts them with fog; 
inerts the induction system with carbon dioxide; shuts off 
gas, oil, and hydraulic systems; actuates all normal fire 
extinguishing systems; and turns off all electric systems. 
Within 2 seconds from the crash impact, the equipment 
has done its work. 
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G. F. SIMMONS 


ASSOCIATE MEMBER AIEE 


— advantages of using silicone-based products in 
dry-type insulating systems are well known. They 
are characterized by stability at high operating tempera- 
tures and by resistance to the absorption and harmful 
effects of moisture. These advantages must be weighed 
against the difficulties which may arise in conjunction 
with silicone applications. The dielectric strength, me- 
chanical strength, and curing characteristics for a given 
application are, in general, inferior to those of the best 
organic resins. High cost is also a limiting factor in many 
silicone applications. 

It would obviously be very desirable to obtain a material 
or combination of materials which retain the good features 
of the best silicone and organic resins without accompany- 
ing limitations. If the functional requirements of con- 
stituents within a dry-type insulating system are considered, 
it may be seen that such a possibility exists. It has been 
well established that oxygen is a primary contributor to 
deterioration of organic materials in dry-type apparatus 
and that the thermal superiority of the silicones stems 
largely from their resistance to the adverse effects of 
oxygen. It may then be inferred that the silicones, in 
proper combination, can be used to extend the life of certain 
organic materials. 

This investigation was conducted in an effort to develop 
a dry-type transformer insulating system, which would 
utilize the high dielectric and mechanical strength charac- 
teristics of selected organic impregnants, and the tempera- 
ture and moisture-resistant characteristics of suitable 
silicones. It was desired to accomplish this in as eco- 
nomical a manner as possible by using a minimum of 
silicone resin. 

Emphasis was placed on the use of silicone resin as a 
surface treatment of conventional 150 C base insulations, 
By this procedure, the silicone replaced the weakest link 
in the present 150 C system, the organic impregnating 
varnish. The organic constituent of the base material 
was shielded by the silicone resin coating from the de- 
teriorating effects of oxygen and moisture. 

Two criteria have been utilized in determining the aging 
performance of the materials under study. These are: 
dielectric strength at the elevated aging temperature, and 
power factor after exposure of the insulating component 
to high humidity. 

It is apparent that high-temperature turn insulations, 
utilizing silicones as the resinous constituents, possess 
very stable dielectric strength and moisture-resistance 





Digest of paper 55-43, “Evaluation and Application of Silicone-Organic Resin Combi- 
nations for Dry-Type Transformer Insulation,” recommended by the AIEE Committee 
on Transformers and approved by the AIEE Committee on Technical Operations for 
presentation at the AIEE Winter General Meeting, New York, N. Y., January 31- 
February 4, 1955. Scheduled for publication in AIEE Power Apparatus and Systems, 
1955. 


4G. F. Simmons and A. L, Scheideler are both with the General Electric Company, 
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A. L. SCHEIDELER 
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characteristics as a function of time and temperature. 
Essentially no change was found in the dielectric break- 
down of turn insulation comprising a _ silicone-resin- 
impregnated asbestos-clay sheet and glass yarn, bonded 
and treated with a silicone resin after 200 days at 250 C. 
After the same period of aging, this system is effectively 
as resistant as new materials to moisture effects measured 
by power factor. Such components are suitable for 
operation at temperatures well above 200 C. 

High-temperature turn insulations containing an acrylic 
ester impregnant and treated with a phenolic varnish 
have previously been analyzed. The weakest link in 
this system is the organic final-treating varnish, and the 
component will not maintain its resistance to the effects 
of moisture throughout the minimum required life at 
150 C. 

When silicone resin is substituted for the organic treating 
varnish, the resulting composite exhibits dielectric strength 
and moisture resistance characteristics as a function of 
time and temperature which are very similar to those of 
the comparable system where all resins are silicones. 

Mica paper, impregnated with a high-temperature 
polyester resin possesses dielectric strength and loss charac- 
teristics which make it very desirable for use as a layer 
insulation and as electrical padding for major insulation 
in dry-type transformers. When properly treated with 
silicones, the material will perform adequately at hottest 
spot temperatures approaching 200 C. The life at 20,000 
hours on the basis of a 50-per-cent dielectric strength 
criterion is at least 190 C. 

The merits of the final silicone treatment are apparent 
even with essentially inorganic structures. One insulation 
of this type, which is based on the discovery of a con- 
trollable phospho-asbestos reaction may be formed as 
cylinders for barriers between high- and low-voltage 
windings. Silicone treatment markedly improves the di- 
electric properties and moisture resistance of this structure. 
Prolonged exposure to aging temperatures as high as 250 C 
have actually been shown to be beneficial to its dielectric 
properties. 

The dry-type insulating system containing organic 
impregnants and using silicones as a final treatment offers 
the following advantages for use in circulatory air appa- 
ratus: the thermal stability of the system is adequate 
for operation at hottest spot temperatures greater than 
200 C; the resistance of the system to moisture is main- 
tained throughout transformer life and is much greater 
than that of the usual 150 C system; the insulating com- 
ponents will, in general, possess mechanical and dielectric 
strengths greater than those of systems containing only 
organic impregnants; and the versatility and areas of dry- 
type transformer application are greatly increased by the 
use of this insulating structure. 
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Analogue Computers Using Magnetic Amplifiers 


B. E. DAVIS 


HIS analogue computing technique uses direct cur- 

rents as variables. These currents are summed 
by magnetic amplifiers to perform addition and sub- 
traction operations. Products, quotients, roots, and 
powers are obtained by summing other currents that are 
proportional to the logarithms of the variables. These 
logarithmic currents are obtained by networks of 5 ger- 
manium or silicon diodes and 11 precision resistors. As 
the input current increases, the diodes in the circuit cut in 
sequentially to shape the output current according to a 
logarithmic curve. A voltage is supplied to a voltage 
divider in the network controlling the switching points of 
these diodes. 

Fig. 1 shows the basic negative feedback circuit used for 
computing. The logarithmic networks LN are applied 
to each of the input current leads, as shown. The “nega- 
tive” network for the output current Jp differs from the 
‘positive’ networks only in reversal of the direction of 
current flow, the diode connections, and the sign of the 
10-volt bias voltage required. Since the input current 
of the magnetic amplifier is very small, the logarithm of 
the output is very nearly equal to the sum of the logarithms 
of the inputs. Thus the negative feedback accomplishes 
the taking of the anti-logarithm. The magnetic amplifier 
has sufficient current gain that its input current 7 causes 
a computational error of less than 1/3 percent. Hence, to 
a close approximation 


” aj 
=r (1) 
j= 


If the a’s are equal, the inputs are multiplied together. 
If they are not equal, powers or roots of the inputs are multi- 
plied. Also, any of the inputs may be made to be divisors 
by using a negative, instead of a positive network, for it. 
Furthermore, if addition and subtraction is desired, the net- 
works are omitted. 

At room temperature, networks made with germanium 
diodes give a logarithmic output with a maximum error of 
0.8 per cent, for an input current range of 2 to 30 milli- 

-amperes. The effect of temperature (—55 to +70 C) is 
primarily to change the logarithm base, causing no addi- 
tional computing error. This statement is applicable for 
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Fig. 2. Circuit 
illustrating some 
schemes used for 
interconne ctin g 
components to 
make up a com- 
puter. Alsoshown 
is the introduction 
of a_ mechanical 
input @ by means 
of a potentiom- 
eter. The sym- 
bol A indicates a 
ground potential 
point (the input 
junction of a sum- 
ming amplifier ) 
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inputs from 6 to 30 milliamperes. At low input current 
and high temperatures, however, the error becomes appre- 
ciable (3 per cent at 4 milliamperes). These errors are not 
excessive for some applications. For other applications 
the networks can be temperature compensated over the 
full current range to about the same accuracy as obtained 
at room temperature. This is done by using temperature- 
sensitive resistors in the network. The problems of 
temperature compensation are greatly simplified, however, 
with the use of silicon junction diodes. 

The logarithmic networks and the summing amplifiers 
can be interconnected to solve systems of nonlinear equa- 
tions. The method of interconnection utilizes the fact 
that the summing, or input, junction of the magnetic am- 
plifier is at zero potential, see Fig. 1. Hence, currents may 
be independently fed into, or drawn from, this point. Asan 
example, the output of the circuit of Fig. 1 can be fed to the 
summing junction of another similar amplifier. Further- 
more, this current may be split into fixed fractional amounts 
by a simple parallel resistor network, and fed to several 
other circuits. Such current splitting networks are also 
used as shown in Fig. 2. 

The computation done in Fig. 1 requires 7 ounces of 
components, and is performed with an accuracy of about 1 
per cent. The response time is short (0.01 second, using a 
400-cycle amplifier). The versatility of the technique re- 
sults in a computer with a high ratio of computations per 
unit volume or weight, using reliable components. These 
desirable characteristics, together with experience to date, 
indicate that computers made of these two basic com- 
ponents should have considerable utility in military and 
industrial applications. 
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1,750 Attend Eastern Computer Conference; 
West Coast Conference Scheduled March 1-3 


More than 1,750 engineers and others in 
the computer field attended the Eastern 
Joint Computer Conference, December 8-10, 
the largest registration in the history of the 
conference. The conference, sponsored by 
AIEE, the Institute of Radio Engineers, and 
the Association for Computing Machinery, 
took place at the Bellevue-Stratford Hotel, 
Philadelphia, Pa. 

The next one planned is the West Coast 
Conference, March 1-3, 1955, at the Hotel 
Statler in Los Angeles, Calif. The theme 
will be, “Functions and Techniques in 
Analogue and Digital Computers.” 

The Eastern theme was, “Design and 
Application of Small Digital Computers.” 
The characteristics of commercially avail- 
able small digital computers were presented 
so that comparisons could be made among 
the machines. Several systems were de- 
scribed in detail. Among the various im- 
provements claimed were decimal arith- 
metic operation, higher speed input-output 
facilities, cartridge-type magnetic tape hand- 
ling, and plug-board programming. A 
transistorized computer using 700 transistors 
and 10,500 diodes was described with data 
on the first six months of continuous oper- 
ation. 

Pros and cons of plug-board programming 
versus internally-stored programming were 
developed in another paper. Reports were 
given on the following: new techniques for 
increasing pulse-storage density on magnetic 
drums to 880 bits per inch; performance and 
life data of magnetic core memories and logic 
circuits in use for a considerable length of 
time; a self-checking, high-speed printer 
capable of printing up to 600 lines per 
minute (130 characters per line); and a 
high-speed system for telegraph transmission 
at the rate of 3,600 characters per minute. 

Subjects of the papers concerned with ap- 
plication of computers were: a technique 


for evaluating the worth of a given numerical 
method in solving a set of differential equa- 
tions; automatic coding methods; and sys- 
tems for filing and analyzing vast amounts of 
data (with specific examples from the fields of 
library cataloging, business data handling, 
and aircraft flight scheduling). The use of 
small digital computers in scientific ap- 
plications was illustrated with papers on op- 
tical design and computer logic circuit design. 

Inspection trips to local computer instal- 
lations were well attended, as were the ex- 
hibits of more than forty companies. Many 
of these companies displayed new products 
for the first time. 

According to AIEE’s Computing Devices 
Committee, its principal activity has been 
the cosponsorship with the _ Institute of 
Radio Engineers and the Association for 
Computing Machinery in arranging these 
technical conferences and exhibits. The 
meeting just held in Philadelphia was the 
sixth of a series of such conferences and ex- 
hibitions held under joint auspices. Three 
preceding meetings have been held on the 
East Coast covering, respectively, a review 
of electric digital computers, a review of 
input-output equipment, and the reliability 
and requirements of information processing 
systems. ‘Two previous meetings have been 
on the West Coast, one consisting of general 
computer papers, and the second covering 
transient computers—automatic control and 
data processing. Proceedings of all of these 
meetings are available from any of the three 
sponsor societies. Publication of the Pro- 
ceedings for the last meeting is now under 
way and is another of the activities under- 
taken by the AIEE Committee. 

Active Subcommittees now include Ana- 
logue Computers, Analogue-Digital Conver- 
ters, Bibliographies, Digital Computers, 
Digital Computer Conversion, and a West 
Coast Subcommittee. 





All eyes are focused on the speaker at the Eastern Joint Computer Conference which 


was held December 8-10, 1954, in Philadelphia, Pa. 


More than 1,750 engineers and 


others working in the computer field attended the meeting—the largest registration in 
the history of the conference 
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Future AIEE Meetings 


AIEE-IRE Transistor Circuits Conference 
University of Pennsylvania, Philadelphia, Pa. 
February 17-18, 1955 

(Final date for submitting papers—closed) 


AIEE-IRE-ACM Western Computer 
Conference 

Hotel Statler, Los Angeles, Calif. 
March 1-3, 1955 

(Final date for submitting papers—closed) 


Farm Electrification Conference 
Morrison Hotel, Chicago, III. 

March 8-10, 1955 

(Final date for submitting papers—closed) 


Electrical Utilization of Aluminum 
Conference 

William Penn Hotel, Pittsburgh, Pa. 
March 15-17, 1955 

(Final date for submitting papers—closed) 


Materials Handling Conference 
Hotel Cleveland, Cleveland, Ohio 
March 28-29, 1955 

(Final date for submitting papers—closed) 


Rubber and Plastics Conference 
Akron, Ohio 

April 4-5, 1955 

(Final date for submitting papers—closed) 


Southern District Meeting 

St. Petersburg, Fla. 

April 13-15, 1955 

(Final date for submitting papers—closed ) 


Pulp and Paper Conference 

St. Petersburg, Fla. 

April 14, 1955 

(Final date for submitting papers—closed) 


Middle Eastern District Meeting 
Columbus, Ohio 

May 4-6, 1955 

(Final date for submitting papers—February 4) 


Electric Heating Conference 

LaSalle Hotel, Chicago, Ill. 

May 10-11, 1955 

(Final date for submitting papers—February 10) 


AIEE-IAS-IRE-ISA Conference on Tele- 
metering 

Morrison Hotel, Chicago, III. 

May 18-20, 1955 

(Final date for submitting papers—February 18) 


AIEE-APS-AIME-CIT Conference on Mag- 
netism and Magnetic Materials 

William Penn Hotel, Pittsburgh, Pa. 

June 14-16, 1955 

(Final date for submitting papers—March 14) 


1955 Summer General Meeting 

New Ocean House, Swampscott, Mass. 
June 27-July 1, 1955 

(Final date for submitting papers—March 29) 


Pacific General Meeting 

Butte, Montana 

August 15-19, 1955 

(Final date for submitting papers—May 16) 











AIEE Farm Electrification Conference 
to Be Held March 8—10 in Chicago, III. 


The utilization of electricity on modern 
poultry, dairy, and livestock farms will be 
discussed by outstanding authorities at 
AIEE’s Conference on Farm Electrification. 
This conference will be held March 8-10, 
1955, at the Morrison Hotel in Chicago, III. 

Power suppliers will discuss methods by 
which they are serving the present farm 
load, as well as future plans to serve this 
rapidly growing load. Problems incidental 
to power use, such as safety, leakage current, 
grounding, and underground distributions, 
will also be covered. There will be forums 
and panels and an inspection trip to up-to- 


date livestock, dairy, and poultry farms. 

The conference will conclude with a look 
into the future of farm electrification, the 
future of an electric load which offers the 
greatest potential increase of any industry in 
the nation. 

For further information about the pro- 
gram, advance registration, or hotel reserva- 
tions, contact Mr. F. A. Larson, 840 South 
Canal Street, Chicago, Ill., or Mr. R. S. 
Gardner, AIEE Headquarters, 33 West 
39th Street, New York, N. Y. The program 
for this conference will appear in the March 
issue of Electrical Engineering. 


Conference on Utilization of Aluminum 
to Take Place March 15-17 in Pittsburgh, Pa. 


The first national conference on the elec- 
trical utilization of aluminum will be held in 
Pittsburgh, Pa., March 15-17, 1955, with 
headquarters at the William Penn Hotel. 
This conference will be jointly sponsored by 
the AIEE Power Division Committee and 
the AIEE Pittsburgh Section. 

The purpose of the conference is to provide 
an opportunity for the presentation of papers 
and discussions on the use of aluminum in 
conductors and cables, and as a mechanical 
and structural component in electric equip- 
ment and circuits. The broad scope of the 
program covers pertinent problems of alu- 
minum manufacture, and the gamut of alu- 








ALCOA’s 


30-story aluminum-sheathed 
skyscraper will be the scene next March 16 
of an inspection trip for AIEE members 
during the first Conference on Electrical 
Utilization of Aluminum. The World’s 
first aluminum skyscraper, the ALCOA 
Building uses aluminum exclusively for 
wiring 
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minum utilization from household electric 
appliances to industrial and electrical utility 
apparatus such as transformers, rotating 
machinery, bus conductors, and switchgear. 
The 3-day program will be published in the 
March issue of Electrical Engineering. 

Since the Pittsburgh area enjoys the 
presence of principal manufacturers, fabri- 
cators, and industrial and commercial users 
of aluminum, the inspection trips which have 
been planned should be of particular interest. 
Hotel rooms are available at the William 
Penn Hotel. For further information, con- 
tact Mr. E. W. Brewer, conference registra- 
tion chairman, General Electric Company, 
535 Smithfield Street, Pittsburgh 22, Pa. 


BANQUET AND INSPECTION TRIPS 


A banquet will be held Wednesday, March 
16, at 7:30 p.m. Mr. I. W. Wilson, presi- 
dent, Aluminum Company of America, will 
speak on “‘Man’s Distinctive Mark.” Also, 
the following inspection trips will be con- 
ducted: Westinghouse Electric Corporation, 
East Pittsburgh Works, Tuesday afternoon 
and Thursday morning; Aluminum Com- 
pany of America, Research and Develop- 
ment Laboratories, New Kensington, Pa., 
Tuesday afternoon; Duquesne Light Com- 
pany, Elrama Power Station, Wednesday 
afternoon. 


REGISTRATION AND PROCEEDINGS 


Registration in advance may be made by 
sending in a registration card. Cards may 
be obtained from Mr. E. W. Brewer, General 
Electric Company, Pittsburgh 22, Pa. 
Advance registration will facilitate conference 
preparation, and assure maximum benefit 
and enjoyment for all attending and partici- 
pating. Registration will also be held at 
the conference. The registration fee is $3.00. 

Conference Proceedings, including all the 
papers and formally written discussions, will 
be published in book form at $3.50 per copy. 
The proceedings may be ordered in advance, 
in which case the combined price for registra- 
tion and proceedings is $5.50, if ordered be- 
fore March 8. 


CONFERENCE COMMITTEES 
Robert N. Wagner is general conference 
chairman and B. G. A. Skrotzki, chairman of 
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Medicine and Biology 
Conference Committee Asks 
for Papers 


The 8th Annual Technical Confer- 
ence on Electrical Techniques in Medi- 
cine and Biology will be held in No- 
vember of 1955. The conference is 
sponsored by AIEE, the Institute of 
Radio Engineers, and the Instrument 
Society of America. Tentative plans 
call for holding the conference in Wash- 
ington, D.C. 

The conference serves as a meeting 
place for physiologists, biologists, cardi- 
ologists, radiologists, physicians, physi- 
cists, electronic, electrical, and instru- 
ment engineers. A large portion of the 
registration is drawn from the research 
groups in universities and industry. 

Authors are invited to submit titles 
of papers for consideration by the 
Program Committee to E. Dale Trout, 
Conference Chairman, 4855 Electric 
Avenue, Milwaukee 1, Wis. 











AIEE’s Power Division Committee. C. T. 
Hatcher is chairman of the Technical Pro- 
gram Committee. Other members of the 
Technical Program Committee are: J. A. 
Adams, H. F. Hoebel, M. H. McGrath, 
L. R. Montfort, E. I. Pollard, F. V. Smith, 
J. D. Wood, R. T. Woodruff, E.’ S. 
Reeser, chairman, AIEE Pittsburgh Section, 
and W. H. Osterle, secretary-treasurer, 
AIEE Pittsburgh Section. On the Registra- 
tion Committee are: E. W. Brewer, chair- 
man, and W. J. Martinbee. L. W. Tarn 
is chairman of the Meeting Rooms and 
Arrangements Committee, J. E. Lange, 
chairman of the Banquet Committee, and 
J. Z. Linsenmeyer, chairman of the Inspec- 
tion Trips Committee. R. F. Lawrence is 
chairman of the Publicity Committee, 
with D. N. Reps to assist him. AIEE Head- 
quarters representative for the conference is 
R. S. Gardner. 


ASEE to Have New Executive 
Secretary and Editor 


William Leighton Collins, engineering 
professor at the University of Illinois, is the 
new executive secretary of the American 
Society for Engineering Education (ASEE). 
Professor Collins was elected by the society’s 
executive board to succeed Arthur Bronwell, 
who recently resigned when he left North- 
western University to become president of 
Worcester Polytechnic Institute. Professor 
Bronwell had served as ASEE secretary for 
7 years. (See January Electrical Engineer- 
ing, p. 84.) 

The appointment of Professor Collins 
also means the moving of the ASEE central 
office from the Northwestern to the Illinois 
campus. Professor Collins will remain on 
the Illinois faculty on a half-time basis. 

With the moving of the central office, 
plans are being made in connection with the 
appointment of Dr. Lisle A. Rose, another 
University of Illinois professor, as ASEE 
publications editor effective July 1. He will 
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succeed Professor C. E. Watson of North- 
western. 

Collins has been on the Illinois faculty since 
1929, and is professor of theoretical and 
applied mechanics. A native of Highland, 





W. L. Collins 


Ill., he earned both the bachelor’s and 
master’s degrees in civil engineering at 
Illinois. 

He has been active in the ASEE since 
1932, and is also active in the American 
Society for Testing Materials, the American 
Society of Civil Engineers, and the American 
Society for Metals. He is a member of 
Sigma Xi, Chi Epsilon, Mu San, and Gamma 
Alpha. 

Dr. Rose, director of engineering informa- 
tion and publications and professor of general 
engineering at Illinois, has been on the 
Illinois staff since 1947. He is a native of 
Chicago and earned the bachelor’s, master’s, 
and doctoral degrees at the University of 
Chicago. 

Dr. Rose has been active in the ASEE since 
1940, and he has also worked with other 
professional groups such as the Royal Society 
of Arts, the Academy of Political Science, the 
History of Science Club, and the National 
Council of Teachers of English. He has been 
in publications work since 1930, specializing 
in the field of engineering. 


Institute of Radio Engineers 
Elects Officers for 1955 


John D. Ryder, dean of the School of 
Engineering at Michigan State College, 
East Lansing, Mich., has been elected presi- 
dent of the Institute of Radio Engineers 
(IRE) for 1955. He succeeds William R. 
Hewlett, vice-president of Hewlett-Packard 
Company, as head of the international 
society of 40,000 radio engineers and scien- 
tists. 

Franz Tank, professor at the Swiss In- 
stitute of Technology, Zurich, will succeed 
Maurice J. H. Ponte, director of Compag- 
nie Générale de Télegraphie Sans Fil, as IRE 
vice-president. 

Elected as directors for the 1955-1957 term 
are John F, Byrne, director of engineering, 
Communications and Electronics Division, 
Motorola, Inc., Chicago, Ill., and Ernst 
Weber, director of the Microwave Research 
Institute and head of the electrical engineer- 
ing department at Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. 

Regional directors elected for 1955-1956 
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are as follows: Region 2 (North Central 
Atlantic), John N. Dyer, vice-president, 
Airborne Instruments Laboratory, Mineola, 
L.I., N. Y.; Region 4 (East Central), E. M. 
Boone, professor of electrical engineering, 
Ohio State University, Columbus, Ohio; 
Region 6 (Southern), Durward J. Tucker, 
managing director of radio station WRR, 
Dallas, Tex.; Region 8 (Canadian), John 
T. Henderson, principal research officer, 
National Research Council, Ottawa, Ont., 
Canada. 


Eta Kappa Nu Achievement Award 
Goes to Missouri School of Mines 


The Eta Kappa Nu Association’s Achieve- 
ment Award for 1953-54 was presented to 
the Gamma Theta Chapter of the Associa- 
tion at the School of Mines and Metallurgy, 
University of Missouri (Rolla). The silver 
plaque is given annually to one of 56 
college chapters of Eta Kappa Nu which 
has distinguished itself in activities during 
the previous academic year, as well as by a 
high scholastic record of its student members. 

Dr. Mervin J. Kelly, president of Bell 
Telephone Laboratories, made the pres- 
entation for the sponsors, the New York 
Alumni. Addresses and _ congratulatory 
messages were given at a banquet by Dr. 
Curtis L. Wilson, dean of the School of 
Mines at Rolla, and by Dr. Eric T. B. 
Gross, past president of Eta Kappa Nu. 
Dr. Gross stressed the uniqueness of this 
year’s award as the chapter was established 
only three years ago. Main address was 
given by Dr. Kelly whose subject was, “Our 
Freedom—It Must Be Preserved; Your 
Responsibility and Mine.”” He emphasized 
the impact of the atomic age on the means 
for preserving our freedom. 

Other guests at the banquet were: Pro- 


fessor Roger Nolte, on leave from Missouri 
School of Mines for work leading to a doc- 
torate, and faculty advisor for the Chapter 
during the award year; Professor G. G. 
Skitek, present faculty advisor of the Chap- 
ter; and L. D. Harrison, employment 
manager of Southwestern Bell Telephone 
Company. 


Prize Awards Announced for 
Institute and Student Papers 


The Committee on Institute Prize Awards 
has announced the award of Institute Paper 
Prizes in each of the five technical classes for 
papers presented during the period August 1, 
1953 to July 31, 1954. The papers selected 
for first and second prizes are as follows: 


Communication Division 

First Prize: 

**A Step Forward in Printing Telegraphy,” 
A. S. Benjamin and W. J. Zenner, Teletype 
Corporation, Chicago, IIl. 

Second Prize: 

“A New Portable Telegraph Transmission 
Measuring Set,” S. I. Cory, Bell Telephone 
Laboratories, Inc., New York, N. Y. 
General Applications Division 

First Prize: 

**Fundamentals of Flashing of Diesel-Electric 


Motors and Generators,’ C. A. Atwell, 
Westinghouse Electric Corporation, East 
Pittsburgh, Pa. 

Second Prize: 

‘Rectifier Motive Power—Inductive Co- 


ordination Considerations,’ E. B. King, 
American Telephone and Telegraph Com- 
pany, New York, N. Y.; K. H. Gordon, The 
Pennsylvania Railroad, Philadelphia, Pa. 





For achievement in academic activities and scholarship, the Gamma Theta Chapter 
of Eta Kappa Nu Association was given a silver plaque, the Eta Kappa Nu Annual 
Achievement Award. The New York Alumniof the Association is sponsor of the award. 
Left to right: R. E. Nolte, faculty advisor of the chapter during the award year; C. L. 
Wilson, dean, School of Mines and Metallurgy, University of Missouri, Rolla; M. J. 
Kelly, president, Bell Telephone Laboratories and main speaker at award dinner; 
Donald Gessley, president of the chapter and vice-chairman of AIEE’s Student Branch 
at the school; and Eric T. B. Gross, past national president of Eta Kappa Nu 
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and L. J. Hibbard, Westinghouse Electric 
Corporation, East Pittsburgh, Pa. 


Industry Division 

First Prize: 

*‘Some Aspects of the Charge and Discharge 
Processes in Lead-Acid Storage Batteries,” 
D. N. Craig and W. J. Hamer, National Bu- 
reau of Standards, Washington, D. C. 
Second Prize: 

**Atomic Film Cathode in Inert Gas Shielded 


Metal Arcs,’’ W. J. Greene, Air Reduction 
Sales Company, Jersey City, N. J. 


Power Division 

First Prize: 

“High Voltage Impulse Tests on Trans- 
mission Lines,” C. F. Wagner, Westinghouse 
Electric Corporation, East Pittsburgh, Pa.; 
I, W. Gross, American Gas and Electric 
Service Corporation, New York, N. Y.; and 
B. L. Lloyd, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa. 


Second Prize: 
“Location of Series Capacitors in High Volt- 
age Transmission Systems,” S. B. Crary and 


L. E. Saline, General Electric Company, 
Schenectady, N. Y. 


Science and Electronics Division 

First Prize: 

“The Quasi-Peak Voltmeter,’’ C. W. Frick, 
General Electric Company, Schenectady, 
N. Y. 

Second Prize: 


**Effect of Electrical Discharges on the Break- 
down of Solid Insulation,’ T. W. Dakin, 


H. M. Philofsky, and W. C. Divens, Westing- 
house Electric Corporation, East Pittsburgh, 
Pa. 

STUDENT PAPERS 


The Committee on Prize Awards also has 
announced the award of the Best Student 
Paper Prizes for papers presented during the 
period August 1, 1953 to July 31, 1954. 
The committee has reviewed all of the papers 
submitted for this prize, nine reviews having 
been secured for each of the winning papers. 
The papers selected for the awards are as 
follows : 


Best Student Paper Prize 


*“An Electronic Bloodcount Meter,” P. L. 
Frommer, University of Cincinnati. 


Second Prize Student Paper 


‘Audio Amplifier Distortion Analysis and 
Measurement,” R. D. Keller, University of 
Colorado. 

The Committee on Prize Awards acknowl- 
edges the valuable assistance of the technical 
committees and divisions and their reviewers 
in nominating and grading the papers. 


University of Denver Branch 
Is Winner in District Contest 


Winner in a Student Branch Membership 
Contest sponsored by District 6 was the 
Branch at the University of Denver. Rules 
of the contest specified that the award would 
be made to the District 6 Branch which had 
the largest ratio of national student AIEE 
members to total junior and senior electrical 
engineering students on November 15. On 





North Central Executive Committee Meeting 








Delegates to the North Central Executive Committee Meeting met November 18 at the 


Electric Building, Omaha, Nebraska. The increase in membership in the area is ac- 
credited to the state’s growing importance in electrical fields. Front row (left to right): 
H. A. Morgan, Chairman Denver Section; A. S. Anderson, District Vice-President, who 
presided; J. E. Martin, District Secretary; H. L. Meyer, Chairman, Nebraska Section. 
Back row (left to right): W. A. Hixson, Chairman District Committee on Student Activi- 
ties; R. W. Shaw, District Vice-Chairman, AIEE Membership Committee; M. Kight, 
Secretary, Denver Section; H. W. Becker, Chairman, Public Relations Committee, 
Nebraska Section; E. J. Ballard, Secretary, Nebraska Section; O. H. Brand, Vice-Chair- 
man, Nebraska Section; L. M. Robertson, District representative, AIEE Sections Com- 
mittee; G. Wallis, Chairman Southern Colorado Subsection; R. Tario, Chairman, Black 
Hills Subsection 
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Professional Engineers Plan 
Annual Spring Meeting 


The Annual Spring Meeting of the 
National Society of Professional Engi- 
neers (NSPE) will be held February 
18-19 in the Hotel Charlotte, Charlotte, 
N.C. 

The two-day conference will be de- 
voted to discussions of current problems 
and developments affecting professional 
engineers. Reports of the progress 
of NSPE’s national programs will be 
made by Society officers, according to 
Clarence T. Shoch, Allentown, Pa., 
national president. 











this basis, the University of Denver Branch 
achieved the outstanding score of 158 per 
cent, which means it has almost 100 per cent 
membership among juniors and seniors and 
excellent membership among freshmen and 
sophomores. 

The $15.00 prize was awarded with the 
stipulation that it be used to buy some per- 
manent improvement for the branch or its 
school. When the contest was announced, 
the University of Denver Branch officers 
decided this was their opportunity to pur- 
chase a much-needed coffee urn. They 
planned an all-out membership drive to be 
certain their branch would be the winner. 
After contacting all eligible students at the 
University during their drive, the evening 
before the close of the contest they called all 
nonmembers at their homes and urged them 
once again to join. 

The officers of District 6 are proud of the 
University of Denver Branch and its member- 
ship achievement. They believe that 158 
per cent is not only the best ratio in District 
6, but the best in the Institute. They would 
like to hear from any branch, if there is one, 
which has a higher membership ratio. (See 
picture on page 163.) 


COMMITTEE 
ACTIVITIES 


Editor’s Note: This department has been created 


for the convenience of the various AIEE technical 


committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 


forwarded to R. S. Gardner at AIEE Head- 


quarters, 33 West 39th Street, New York 18, N. Y. 


Power Division 


Committee on Transformers (J. A. Adams, 
Chairman; J. R. Meador, Vice-Chairman; 
M. H. Pratt, Secretary). At a meeting in 
New York, November 5, 1954, the com- 
mittee approved a proposed revision for 
American Standard C57.11, Table 11.021, 
Limits of Temperature Rise for Trans- 
formers. ‘The proposal is to delete reference 
to insulation classes and to group transformers 
by permissable temperature rise limits. It 


(Continued on page 165) 
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West Virginia Section Honors Past Chairmen 


The West Virginia Section honored its past-chairmen at a dinner meeting November 15 and presented each of them with a certificate. 

These are men who have served the Section since its beginning in 1940. AIEE Vice-President W. B. Morton who made the presenta- 

tions is at the far left. To Mr. Morton’s right are: John Vodar, Jr.; E. B. Ellerbe; L. W. Scott; E. M. Hansford; E. D. Knight; 
Thomas Cooper; R. F. Norwood; H. P. Masser, Sr.; and G. W. Unangst, present chairman 





Denver Branch Wins District Membership Contest 


Winner in a Student Branch 
Membership Contest  spon- 
sored by District 6 was the 
Branch at the University of 
Denver. AIEE Vice-President 
A. S. Anderson congratulates 
(left to right): D. J. Neale, Jr., 
secretary; M. F. Anderson, 
chairman; I. F. Davis, mem- 
bership chairman; and Pro- 
fessor A. E. Paige, counselor. 
For story, see page 162 


The Executive Committee of the Tampa Section is shown above during a recent meeting at which arrangements were made for the 

Southern District Meeting to be held April 13-15. Seated around the table are (left to right): J. H. Rose, trips and transportation; 

Treasurer Don Knauss; J. Arthur Turner, member, Advisory Committee; G.L. Kenny, Jr., chairman, Finance Committee; Secretary 

Nat Patterson; C. J. Ellis; General Chairman I. L. Garcia; Mrs. Amy Thompson, ladies program; R. E. Raymond, smoker and social; 
Thurmon Doub; F. J. Campa; P. H. Nelson; J. G. Spincer, Jr.; H. Loehr, Jr.; and T. F. Thompson, Jr. 
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“Visual Aids” Used at District 2 Meeting 
































The Instant Registration Board, used by the 1954 Registration Committee of the District 2 Meeting last October, provided considerable 
convenience to members interested in locating friends attending the meeting. Names of registering members were immediately printed 
by Western Union typewriters and then posted. Also, the total reyistration was posted daily 














This map of District 2 showing the Sections and their geographical locations was used to help orient Section Delegates at the District 2 
Executive Committee Meeting, October 4, 1954, in Reading, Pa. 
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South Texas Section Observes 12th Anniversary 





Past-chairmen of the South Texas Section were honored at the Section’s 12th Anniversary Celebration. 





The Section was officially 

founded in 1943 by a small group of electrical engineers, who recognized the need for organization and affiliation with the Institute. 

The Section’s membership is 154, including leaders in the profession who are working for industry, utilities, teaching in colleges 

and universities, and conducting electrical firms of their own. Left to right: past-chairmen R. A. Nicholson, A. C. Alberti, S. R. Fried- 
sam, O. T. Lodal, I. A. Uhr, J. C. Smith, R. R. Krezdorn, G. E. Schmitt 








has been submitted to the AIEE Standards 
Committee for further action. 

The Working Group on Life of Materials 
has an active program on functional testing 
to determine the life of dry-type transformer 
insulations and has submitted a proposed 
test code to the committee. A symposium 
on insulation life testing is being formulated 
for the Summer General Meeting. 

The Working Group on Audible Noise 
has made considerable progress on instru- 
mentation and is starting an investigation 
of field application problems. Liaison with 
user groups is planned. 

The switching surge investigation is being 
conducted by a liaison representative to a 
Working Group of the Committee on Trans- 
mission and Distribution which is also 
interested in this problem. A standard surge 
is desired which can be used as a basis for 
design. 

Progress is being made on other projects, 
including: codes for insulation power-factor 
testing, revisions of dielectric test tables, re- 
vision of the guides for loading transformers, 
a test code for insulation materials for 
specialty transformers, a guide on insulating 
fluids, and an instrument transformer test 
code 


The West Coast Subcommittee held its 
first meeting in Los Angeles in June and plans 
to hold another in San Francisco. 


Schenectady Section Visits 
International Paper Company 


The world’s largest ground-wood specialty 
mill was visited by Schenectady Section, 
December 1. This is the Hudson River 
Mill of the International Paper Company 
at Palmer, N. Y. 

Supervisory personnel escorted Section 
members through the plant and showed 
them how the paper-making process pro- 
gresses from the log to the paper. Members 
were then given a list of the various products 
the mill produces by O. B. Beyer, manager 
of the mill. Mr. Beyer also answered ques- 
tions for the group, and then a film illus- 
trating the chemical and physical changes 
wood pulp undergoes to become paper was 
also seen. After the movie, the Section was 
treated to lunch in the company cafeteria. 


AIEE PERSONALITIES..... 


F. W. Harris (AM ’06, F ’13, Member for 
Life), chief engineer of Central Maine Power 
Company, has had the honor of having the 
company’s new hydroelectric generating 
plant at Indian Pond named for him. The 
station was previously informally known as 
the Indian Pond Station. As chief engineer, 
Mr. Harris has full supervision of all of the 
company’s major construction projects. He 
was graduated from Rensselaer Polytechnic 
Institute in 1907. After graduation he 
joined the staff of the State Engineer of New 
York where he remained for the next 12 
years, supervising construction of two dams 
on the Mohawk River and of locks, dams, and 
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other structures forming part of the barge 
canal in the Schenectady, Troy, and Albany 
area. Later he was associated with the St. 
Lawrence Valley Power Company as con- 
struction engineer and superintendent of the 
building of three hydroelectric plants in 
northern New York. Mr. Harris then 
moved to Maine as construction engineer for 
Morton C. Tuttle Company on their Gulf 
Island construction for Central Maine Power. 
In 1926 he joined the staff of the New Eng- 
land Public Service Company where for the 
next 18 years he participated in the design 
and construction of the numerous hydro- 
electric projects undertaken by Central 
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Vermont Public Service Corporation, Public 
Service Company of New Hampshire, and 
Central Maine Power Company. In 1944 
he accepted the posts of agent and engineer 
of the Union Water Power Company and 
agent and engineer of the Androscoggin 
Reservoir Company. Together these com- 
panies own and operate the storage reservoir 
system on the headwaters of the Andros- 
coggin River. In addition, the Union 
Water Power Company owns and operates 
the canal system at Lewiston. When 
Central Maine Power Company acquired the 
stock of the Union Water Power Company in 
1948, Mr. Harris returned to the New Eng- 
land Public Service Company group ae 
co-ordinating engineer for Central Mains 
Power Company to make economic studies 
and plans for future increases in generating 
capacity. He also took over general super- 
vision of the construction of the Flagstaff 
Storage Basin on the Dead River and the 
60,000-kilowatt addition which was under 
way at Mason Station in Wiscasset. In 
November 1951, Mr. Harris was named chief 
engineer of Central Maine Power. The 
design and construction of the new station at 


Indian Pond which bears his name was 
executed under his direction. He is a 
registered professional engineer of New 


York, Maine, New Hampshire, and Ver- 
mont. He is a member and director of 
the Maine Association of Engineers and a 
director of the Kennebec Water Power Com- 
pany. He served on AIEE’s Protective 
Devices Committee (1914-16). 


H. T. Friis (AM ’20, F ’41), director of re- 
search in high frequencies and electronics, 
Bell Telephone Laboratories, has received 
the Valdemar Poulsen Gold Medal. The 
medal, named in honor of the late Danish 
inventor and pioneer in electrical engineer- 
ing and communications, is presented bien- 
nially by the Danish Academy of Technical 
Sciences. It was awarded to Dr. Friis in 
recognition of his notable contributions in 
the field of radio technology and especiaily 
his “important works on the application of 
short and ultra-short radio waves and, 
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(See De- 
1954, Electrical Engineering, page 


simultaneously, on atmospherics.” 
cember 


1133, for biography of Dr. Friis.) 


V. K. Zworykin (M ’22,F °45), vice-presi- 
dent and technical consultant and director 
of electronic research for the RCA Labora- 
tories Division of Radio Corporation of 
America, has retired and been appointed 
the first honorary vice-president in the 
corporation’s history. Dr. Zworykin re- 
ceived his degree of electrical engineer from 
the University of Petrograd in 1912. He 
then pursued research studies at the College 
de France in Paris. After wartime service 
with the Signal Corps of the Russian Army 
in World War I, he came to the United States 
and acquired his American citizenship im- 
mediately after the war. He obtained the 
degree of doctor of philosophy, at the 
University of Pittsburgh in 1926. He worked 
on the research staff of the Westinghouse 
Electric Corporation before joining RCA in 
1930. His invention of the iconoscope, first 
electronic ‘‘eye” of the television camera, 
was followed by his development of the 
kinescope, the picture tube in every tele- 
vision set in America today. The electron 
microscope, developed under the direction 
of Dr. Zworykin, has been acclaimed as the 
most useful scientific tool of the 20th century. 
An outgrowth of television research, the 
electron microscope, with its ability to 
magnify objects up to 200,000 times, has 
opened vast new submicroscopic realms for 
exploration for science and industry. Dr. 
Zworykin performed distinguished service in 
World War II as a member of the Scientific 
Advisory Board to the Commanding General 
of the United States Army Air Forces, the 
Ordnance Advisory Committee on Guided 
Missiles, and three subcommittees of the 
National Defense Research Committee. In 
the course of his war work, he directed re- 
search resulting in the development of aircraft 
fire control, infrared image tubes for the 
famed ‘‘sniperscopes” and ‘‘snooperscopes,” 
television, guided missiles, storage tubes, and 
effective improvement of radar systems. In 
recognition for his war work, he was awarded 
the Navy Certificate of Commendation, the 
Presidential Certificate of Merit and the War 
Department Certificate of Appreciation. 
For his outstanding peacetime contributions 
in radio-television and electronics, Dr. 
Zworykin has received many awards from 
scientific organizations in the United States 
and abroad. One of the most recent was 
the 1951 Medal of Honor of the Institute 
of Radio Engineers. Dr. Zworykin, who 
served for many years as director of electronic 
research of RCA Laboratories, was elected 
vice-president and technical consultant in 
1947, and continued in this position until his 
retirement. Dr. Zworykin is the 1948 
Lamme Medalist, the 1952 Edison Medalist, 
and has served on the following AIEE 
committees: Communication (1937-41); 
Research (1941-51). 


W. H. Pickering (AM °40, M ’50), pro- 
fessor of electrical engineering, California 
Institute of Technology, has been appointed 
director of the Jet Propulsion Laboratory of 
the California Institute of Technology, which 
operates the laboratory for the U.S. Govern- 
ment. Dr. Pickering, a native of New 
Zealand, has been on the teaching staff of the 
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California Institute of Technology since 
1936. He joined the Jet Propulsion Lab- 
oratory staff in 1944 as a section chief, and 
in 1951 was appointed chief of the Guided 
Missile Electronics Division. During World 
War II he served on the U. S. Air Force’s 
Scientific Advisory Board. Previously, he 
had been associated with the late Dr. Robert 
Millikan and Dr. Victor Neher in pioneer 
cosmic ray studies in India, Mexico, and 
the Midwest. Dr. Pickering is a graduate of 
California Institute of Technology, receiving 
his B.S. degree in 1932, his M.S. in 1933, 
and his Ph.D. in 1936. He is also a member 
of the Institute of Radio Engineers. He has 
served on the following committees of the 
Institute: Electronics (1945, 1949-54); Stu- 
dent Branches (1947-49); Research (1949- 
55). 


H. J. McCreary (AM ’24, F ’46), consultant, 
Automatic Electric Company, Chicago, III., 
has been initiated as a professional member 
of the Beta Psi chapter of Eta Kappa Nu 
Association, electrical engineering honor 
society. Mr. McCreary is a graduate of the 
University of Nebraska, Class of ’23, with a 
bachelor’s degree in electrical engineering 
and was later awarded a professional elec- 
trical engineering degree for a thesis on his 
invention, “The Magnetic Cross Valve.” 
Thirty years ago he obtained a patent on 
cathode ray television in color. He now has 
124 patents in 25 countries of which 44 are 
in the United States. Mr. McCreary is 
also a member of the Institute of Radio 
Engineers and a member of the Western 
Society of Engineers. He was secretary of 
the National Electronics Conference (1950- 
51) and a director for three years. He has 
been a member of AIEE’s Electronics Com- 
mittee (1953-55). 


E. F. Peterson (AM 733, M ’45), manager of 
marketing for General Electric’s radio and 
television department in Syracuse, N. Y., is a 
recipient of the first National Electronics 
Conference (NEC) Award, $250. The new 
award may be presented annually to “the 
author or authors of a paper presented at a 
previous conference which introduced de- 
velopments of a new and revolutionary char- 
acter capable of significantly influencing an 
electronic field or of opening an avenue to a 
major field of electronic science or applica- 
tion.” Peterson was co-author of, ‘The 
Lighthouse Tube; A Pioneer Ultra-High- 
Frequency Development” presented at the 
first NEC conference in 1944. _ It described 
the then new development of disk-seal tubes 
which played an important part in World 


‘War II radar defense. 


A. G. Forster (AM ’33, M °47), assistant to 
the technical planning officer, San Francisco 
Naval Shipyard, Calif., has joined Hooker 
Electrochemical Company. Mr. Forster, 
whose home town is Buffalo, was awarded 
the degree of bachelor of science in electrical 
engineering from Cornell University in 1947. 
Since that time he has worked for E. I. 
duPont de Nemours and Company at the 
Tonawanda, N. Y., plant, first as a project 
engineer for more than four years, then as an 
electrical engineer. Last. year he was 
appointed electrical supervisor. He is 
assigned to Hooker’s engineering staff. 


Institute Activities 


E. A. Armstrong (AM °13, M ’32, Member 
for Life), has been appointed consultant on 
public utility products and sales of the Elec- 
tro-Motive Division of General Motors 
Corporation. Mr. Armstrong was retired 
by Commonwealth Edison Company of 
Chicago June 1. He had been manager, 
industrial sales, for Commonwealth Edison 
since 1952 when that company absorbed the 
Public Service Company of Northern Illinois. 
He was manager of industrial power sales for 
Public Service from 1923 to 1952. Born in 
Toledo, Ohio, Mr. Armstrong attended public 
schools in Hillsdale and Litchfield, Mich., 
and was graduated from Michigan State 
College with a B. S. degree in 1911. He 
was given his professional degree in electrical 
engineering by that institution in 1922. In 
the interim he worked for Continental 
Utilities Company, Lansing, Mich., as chief 
engineer of construction and operation from 
1912 to 1917. During World War I he 
was assistant professor of physics at Michigan 
State. He joined Public Service at Joliet, 
Ill., in 1921 as power sales engineer and be- 
came manager of industrial power sales in 
1923. He is a member of the Western 
Society of Engineers, the Great Lakes Power 
Club and the Petroleum Electric Power 
Association. He served on AIEE’s General 
Power Applications (1930, 1938); and In- 
dustrial Power Applications Committees 
(1938-42). 


E. L. Nelson (AM ’20, M °’26), technical 
director of the Signal Corps Engineering 
Laboratories, Fort Monmouth, N. J., has 
been appointed scientific chief of research 
and development for the Army Signal Corps. 
In his new assignment, Mr. Nelson will be 
responsible to the chief signal officer, for the 
technical direction of the research and de- 
velopment mission of the Army Signal 
Corps. This includes highly specialized 
scientific and engineering programs in elec- 
tronics, applied physics, meteorology, pho- 
tography, and many other allied fields. 
Prior to his appointment as_ technical 
director of the Signal Corps Engineering 
Laboratories on February 15, 1951, Mr. 
Nelson was with Bell Telephone Labora- 
tories, New York, N. Y., engaged in develop- 
ment and design of military weapons systems 
and equipment under Army and Navy con- 
tracts. A graduate electrical engineer from 
Armour Institute of Technology, Chicago, 
Ill., Mr. Nelson joined the engineering staff of 
Western Electric Company in February, 
1917. In November of the same year, he 
was granted leave of absence for an active 
tour of duty with the U. S. Navy, and served 
in England as a radio telephone specialist on 
anti-submarine devices, and later as radio- 
telephone officer with U. S. Naval head- 
quarters in London. In 1921, he transferred 
to the Bell Telephone Laboratories, where 
he was supervisory engineer and later radio 
development engineer responsible for the 
design and development of commercial radio 
transmitting and _ receiving equipment. 
During World War II he was in charge of 
numerous military radio and radar projects 
of Bell Telephone Laboratories for both the 
Army and Navy. In 1946, he became re- 
sponsible for design and development of 
equipment for the Bell System mobile radio 
telephone service and high-frequency radio 
transmitting and receiving equipment for 
installation in commercial ships. He is a 


ELECTRICAL ENGINEERING 











licensed professional engineer, State of New 
York, a member of the Institute of Naviga- 
tion, and Fellow of the Institute of Radio 
Engineers. 


R. L. Palmer, (AM ’39), manager of Inter- 
national Business Machine’s (IBM) engineer- 
ing laboratory at Poughkeepsie, N. Y., has 
been appointed director of engineering. 
J.-A. Haddad, (AM ’46), technical engineer 
in IBM’s engineering laboratory, is now 
director of advanced machine development. 
Mr. Palmer, an alumnus of Union College, 
became associated with IBM in 1932. He 
served in electrical engineering posts at 
Endicott, N. Y., and in 1947 was made elec- 
tronics engineer at IBM’s Poughkeepsie, 
N. Y., laboratory. He was named manager 
of the engineering laboratory there in 1950. 
Mr. Haddad, a graduate of Cornell Univer- 
sity, joined the IBM Endicott laboratory 
staff in 1945. In 1946 he was assigned to 
Poughkeepsie and served in various engineer- 
ing capacities there. He was advanced to 
manager of component development in 1952, 
and in 1953 was made manager of the 
Endicott engineering laboratory. 


P. L. Alger (AM 717, F ’30, Member for 
Life), consulting engineer, medium-motor 
induction department, General Electric 
Company, Schenectady, N. Y.; V. F. 
Estcourt, (M °48) general superintendent, 
Pacific Gas and Electric Company, San 
Francisco; and R. G. Rincliffe, (AM ’42), 
president, Philadelphia Electric Company, 
Philadelphia, Pa.; have been elevated to the 
grade of Fellow in The American Society of 
Mechanical Engineers. Mr. Alger has 
carried the staff responsibility of the depart- 
ment manager of engineering for planning 
and co-ordination of electrical-machinery 
development at General Electric Company 
in Schenectady for more than 20 years. In 
his capacity as consulting engineer in the 
company’s medium induction-motor depart- 
ment, he has made many contributions to the 
technical knowledge of synchronous and 
rotating induction machinery. He has 
developed 11 patents relating to the design of 
this type of machinery, and has written 
several papers on the subject. He is the 
author of the book, ‘‘The Nature of Poly- 
phase Induction Machines,” and co-author 
of “Induction Machines and Alternating- 
Current Commutator Motors.”” The mate- 
rial on electric generators in the 1938 “‘Ency- 
clopedia Britannica” was contributed by him. 
He is a member of the Scientific Advisory 
Committee of the Ballistics Laboratory of 
the U. S. Army, and a director of the New 
York State Citizens Council and the Sche- 
nectady Bureau of Municipal Research. 
Mr. Estcourt has been active in the gas and 
electric fields throughout all of his pro- 
fessional life, except for the year following his 
graduation from Stanford University in 1922. 
In 1917 he joined the Pacific Gas and Elec- 
tric Company, San Francisco, Calif., as an 
assistant efficiency engineer. During his 
career, Mr. Estcourt has accepted major 
responsibility for the operation of many com- 
pany installations. From 1930-31 he was in 
charge of the development of one of the 
earliest 1,400-psi 750/750-F reheat stations in 
the nation, and the first on the Pacific Coast. 
He has made a major contribution to en- 
gineering in the development of very fast 
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load pick-up characteristics and wide-range 
operation in the reheat station. In his 
present capacity, Mr. Estcourt manages the 
company’s steam-electric generating facili- 
ties, including full consultation and approval 
in connection with all new steam plant de- 
sign. He is the author of many technical 
papers related to his professional field. He is 
now serving on the Institute’s Power Gen- 
eration Committee (1953-55). Mr. Rin- 
cliffe was born in Sandusky, Ohio, in 1899. 
He graduated from Yale University in 1921 
with an A.B. degree in chemistry, and from 
Massachusetts Institute of Technology in 
1923 with an M.S. degree in chemical en- 
gineering. As an engineer with a public 
utility during the first 5 years of his pro- 
fessional career, he developed many im- 
provements in installations on which he was 
engaged. Among these were an air-mixing 
device permitting the complete combustion 
of carben at the burners in coke ovens, and 
design and installation of a cyanogen 
scrubber for the gas industry. In 1928, Mr. 
Rincliffe joined the Philadelphia Electric 
Company, which he now heads as president. 
As superintendent of production from 1928 
to 1931 he made major contributions to the 
development of what has become known as 
the “reformed refinery oil gas process.” 
During the following 7 years, until 1938, 
he served as superintendent of gas handling 
and manufacturing. He had direct charge 
of all gas production, pumping and storage 
facilities. He became successively head of 
the purchasing department, manager and 
vice-president of the electric operations de- 
partment, and executive vice-president. 
Since his elevation to the presidency in 1952, 
Mr. Rincliffe has been active in the technical 
development of all branches of the company. 
He is a member of 25 technical and pro- 
fessional societies, and is the author of the 
book, ‘“‘Gas Production Manual,” published 
by his company in 1936. 


G. M. Coffey, (AM ’36), field engineer, 
sales department, Wagner Electric Corpora- 
tion, St. Louis, Mo., has been appointed 
manager of industrial brake sales by Wagner 
Electric. In his new position Mr. Coffey 
will co-ordinate the sales of industrial crane 
brakes through the company’s branch offices. 
He joined Wagner in 1936 as a student en- 
gineer following manufacturing and test 
experience with Emerson Electric Manu- 
facturing Company and the A. S. Aloe 
Company in St. Louis, Mo. He is a 
graduate of Washington University, St. 
Louis, with a Bachelor of Science degree in 
electrical engineering. He is a Member of 
the Association of Iron and Steel Engineers. 


Alexander Wust (M ’50), director gen- 
eral of Societe d’Electricite de l’Escaut, 
Antwerp, Belgium, has been elected the 
first Affiliate, or overseas member, of the 
Atomic Industrial Forum, Inc. The Forum 
has changed its membership requirements to 
permit citizens and organizations of other 
countries having contractual arrangements 
with the United States affecting uranium or 
atomic energy information to become mem- 
bers. The Atomic Industrial Forum is an 
organization supported by industrial com- 
panies, ¢ducational institutions, labor 
groups, and others interested in the develop- 
ment of atomic energy for peaceful purposes. 


Institute Activities 


N. B. Nichols (M ’51), manager of Raytheon 
Manufacturing Company’s Research Divi 
sion, has been appointed an assistant vice 
president. Mr. Nichols, an authority in the 
fields of servomechanisms and electronics 
automation, joined the Waltham, Mass., 
electronics firm in 1951. He helped develop 
several unusual products, leading his scien- 
tific group through the investigative phases of 
work that eventually made possible the mass 
production of transistors. Mr. Nichols re- 
ceived degrees in physics at the Central 
Michigan College and the University of 
Michigan. During World War II, he was 
associated with the Radiation Laboratory of 
Massachusetts Institute of Technology, where 
he headed the servo group of the Fire Control 
Division. Subsequently, he became re- 
search director of the Taylor Instrument 
Companies, leaving in 1950 to accept a 
professorship at the University of Minnesota. 
He holds memberships in the Institute of 
Radio Engineers, the Instrument Society 
of America, the American. Physical Society, 
the American Chemical Society, the Ameri- 
can Society for the Advancement of Science, 
American Society of Mechanical Engineers, 
and other professional groups. 


C. E. Beard (AM ’51), project manager for 
Air Force ground radar equipment, General 
Electric Company, has been appointed sales 
manager for Air Force equipment, manu- 
factured by General Electric’s heavy military 
electronic equipment department in Syra- 
cuse, N. Y. A native of Asheville, N. C., he 
has been with General Electric since 1950, 
when he entered the company as a field 
service representative in Chicago for the 
commercial equipment department. Mr. 
Beard served with the Air Force (1942-46) as 
a radar development officer at the Air 
Proving Ground Command, Eglin Field, 
Fla., and as theater electronics counter- 
measure officer for the China-Burma-India 
theater. Following the war he joined the 
engineering staff of Radiohio, Inc., at 
Columbus, Ohio. He is a graduate of Ohio 
State University with a B.S. degree in elec- 
trical engineering, a member of the Institute 
of Radio Engineers (IRE), and a charter 
member of the IRE Professional Group on 
Electronics and Navigation. 


H. D. Tindall (AM ’37, M ’47), electrical 
engineer, Moloney Electric Company, has 
been appointed manager of the Transformer 
Division of Federal Pacific Electric Company, 
Newark, N. J. His duties will include the 
management of Gardner Electric Manu- 
facturing Company, San Francisco, a wholly- 
owned subsidiary of Federal Pacific. Mr. 
Tindall was associated from 1940 until his 
present assignment with Moloney Electric 
Company. Previously, he had been division 
engineer of Moloney’s Distribution and 
Specialty Transformer Division, and before 
that, section engineer of the distribution 
transformer section. While employed at 
Moloney, Mr. Tindall was responsible for 
the development of the Moloney wound-core 
distribution transformer, the new sealed-in- 


nitrogen dry-type transformer lines, the 
revised Class ‘“‘B’ ventilated dry type, 
and the intermediate power transformer 


lines. During World War II, he served in 
the U. S. Army Signal Corps, and attained 
the rank of major. He was assigned to the 
Signal Corps Development Laboratories at 
Fort Monmouth, N. J., where he supervised 
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development of various types of communica- 
tion equipment. Following his graduation 
from Ohio State University in 1936, Mr. 
Tindall joined the Wagner Electric Corpora- 
tion, where he designed distribution and 
power transformers. 


E. J. Kallevang (AM ’14), vice-president in 
charge of engineering, system operations, 
and maintenance, has retired. With his 
retirement, Kallevang concludes 44 years of 
service with the electrical utility industry, 39 
years of which were spent with Wisconsin 
Power and Light. Born at Decorah, Iowa, 
he attended local schools and graduated 
from Highland Park College with a B.S. 
degree in electrical engineering. He entered 
the employ of the DeKalb-Sycamore Electric 
Railway Company in 1910, and in 1915 
moved to Kilbourn, Wis., where he served as 
chief engineer of the Southern Wisconsin 
Power Company, a predecessor of Wisconsin 
Power and Light Company. He continued 
as chief engineer until July 21, 1954, when 
he was elected vice-president in charge of 
engineering, system operations and main- 
tenance. 


C. C. Boesewetter (AM ’44, M’52), manager 
testing department, Goodman Manufac- 
turing Company, has been appointed chief 
engineer of Penn-Union Electric Corpora- 
tion, manufacturer of conductor fittings. 
He will supervise all of the company’s en- 
gineering activities, in addition to directing 
the development of new products, and con- 
struction of new and enlarged testing lab- 
oratory facilities. _ Mr. Boesewetter, is an 
engineering graduate of the Milwaukee 
School of Engineering and the University of 
Wisconsin. As manager of the engineering 
testing laboratory at Goodman Manu- 
facturing Company he was responsible for 
research, design, test, and development of 
control apparatus, shunts, switches, con- 
ductor fittings, and similar accessories. He 
is a member of the AIEE, the American 
Mining Congress, and is a registered pro- 
fessional engineer. 


T. M. Robertson (AM ’52), engineer, Vitro 
Corporation of America, has been named 
assistant department head at the Silver 
Spring Laboratory of Vitro. Mr. Robertson 
came to Vitro in 1947 from the Farnsworth 
Radio and Television Corporation. During 
the war he served in the Signal Corps. He 
graduated from the University of Illinois in 
1943 with a degree in electrical engineering, 
and is a member of the Institute of Radio 
Engineers, as well as AIEE. 


J. W. Brain (AM ’50), electrical engineer in 
the firm of Lutz and May, consulting en- 
gineers, Kansas City, Mo., has become one 
of the four partners comprising the newly 
organized Lutz and May Company. A 
native Missourian, Mr. Brain was graduated 
with a degree in electrical engineering in 
June, 1937. An additional training course 
was received through Westinghouse Electric 
1937-38. From 1938-41, Mr. Brain was 
employed by Black and Veatch. . In 1941, 
he entered the Signal Corps, and was dis- 
charged in 1946 with the rank of Captain. 
He returned to electrical engineering with 
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Black and Veatch until 1949 when he joined 
the firm of Lutz and May where he became 
head of the electrical department. 


R. C. Blatt (M ’°39), associate editor, 
Electrical World, McGraw Hill Publishing 
Company, has been appointed as director of 
publications for the American Society of 
Refrigerating Engineers. Prior to his editor- 
ship of Electrical World, he was editor of 
Airports and Air Carriers, a Haire Publication, 
and technical editor of Conover-Mast’s 
Aviation Maintenance and Operations. Prior to 
that, he was chief airport lighting engineer 
for the Civil Aeronautics Administration in 
Washington, D.C. He served as electrical 
engineer for the municipal architect of the 
District of Columbia from 1929 to 1941, and 
earlier was illuminating engineer for the 
Potomac Electric Power Company in the 
same city. During this period he also served 
as an electrical consulting engineer for many 
of the leading architects in Washington, 
D.C. Mr. Blatt is a registered professional 
engineer in New York State and is a member 
of many professional societies including: 
AIEE, the Illuminating Engineering Society, 
National Society of Professional Engineers, 
and Aviation Writers Association. 


G. D. Linsey (AM ’53), formerly on General 
Electric Company’s rotational training pro- 
gram, is now doing development work in 
instrumentation with General Electric’s 
technical section, engineering department, at 
the Hanford Atomic Installation near Rich- 
land, Wash. (The plant is operated by the 
company’s Hanford Atomic Products Opera- 
tion for the Atomic Energy Commission.) 
He is a graduate of the University of Wis- 
consin where he received his B.S. in electrical 
engineering in February, 1953. 


L. E. Emerich (AM ’24), manager of the 
Market Development Division of Leeds and 
Northrup Company, has been appointed 
director of marketing and a member of the 
new executive committee. Emerich grad- 
uated from Carnegie Institute of Technology 
in 1922 with the degree of Bachelor of 
Science. He joined Leeds and Northrup in 
1922. Heis a member of Instrument Society 
of America. 


D. D. Knowles (AM ’27, M °39), vice- 
president’s staff, Westinghouse Electric Cor- 
poration, Elmira, N. Y., has been named 
manager of product administration. Mr. 
Knowles, prominent in the electronic tube 
field, is holder of the John Scott Medal for 
meritorious inventions in gaseous conduction 
tubes. He holds more than 80 patents issued 
on electronic tubes, circuits, and oil-burner 
controls. He joined Westinghouse at East 
Pittsburgh in 1923, following his graduation 
from Baldwin-Wallace College with the 
degrees of Bachelor of Arts and Bachelor of 
Science, and from Purdue University with a 
degree in electrical engineering. He served 
at the research laboratories until 1937, when 
he left Westinghouse to become director of 
research and development for the Raytheon 
Corporation. He joined Westinghouse at 
the Lamp Division in 1939 and was trans- 
ferred to the Electronic Tube Division here 
in 1952. He is on AIEE’s Electronics Com- 
mittee (1951-55). 


Institute Activities 


C. T. Kastner (AM ’50), sales engineer, 
General Electric Company, Pittsfield, Mass., 
has been appointed sales manager for the 
company’s medium transformer plant at 
Rome, Ga. Mr. Kastner will be responsible 
for both the sales and promotion of medium 
transformers, the power transformers in the 
range of ratings 501-5,000-kva single- 
phase, 501-10,000-kva 3-phase, 69-kv and 
below. A graduate of Yale University with 
an M.E. degree in 1946, Mr. Kastner pre- 
viously attended schools in Memphis, Tenn. 
He joined General Electric in July, 1946, on 
the company’s test program. Following 
Lynn and Schenectady assignments, he trans- 
ferred to power transformer sales in Pittsfield. 
In January 1952, he was appointed super- 
visor of traveling specialists and later super- 
visor of medium transformer sales. 


T. E. Curtis (AM ’39, M ’45), chief en- 
gineer of the Electrical Division of Southern 
States Equipment Corporation, has been 
appointed chief engineer of protective devices 
and power switching equipment for A. B. 
Chance Company, Centralia, Mo. Mr. 
Curtis has been with Southern States Equip- 
ment Corporation for the past 15 years. He 
had previously been employed by the Ten- 
nessee Electric Power Company and the 
Alabama State Highway Department. An 
electrical engineering graduate of Alabama 
Polytechnic Institute, he has been active in 
both the NEMA and AIEE. He is a 
member of AIEE’s Subcommittee for Prep- 
aration of Standards on Switches, Fuses and 
Insulators, a subcommittee of the main Com- 
mittee on Switchgear. 


H. V. Nye (AM ’20, F ’40, Member for 
Life), has retired as consulting engineer for 
switchgear equipment at Allis-Chalmers 
Manufacturing Company. A veteran of 48 
years of service with Allis-Chalmers, Nye 
joined the company in 1906 after graduation 
as an electrical engineer from Iowa State 
College. For many years he was engineer- 
in-charge of switchgear design before being 
appointed consulting engineer in 1949. 


B. M. Wolframm (AM ’53), senior research 
engineer, North American Aviation Com- 
pany, Downey, Calif., has recently been ap- 
pointed chief engineer of the Magnetic Re- 
search Corporation, El Segundo, Calif. 


Victor Harris (M ’48), chief, technical 
liaison and reports office, Kellex Corpora- 
tion, is assistant department head of the 
Silver Spring Laboratory of Vitro Labora- 
tories, according to an announcement made 
by Woodman Perine, director. Vitro Lab- 
oratories is a division of the Vitro Corpora- 
tion of America, New York. Before joining 
the company in 1946, he was connected 
with the Applied Physics Laboratory of 
Johns Hopkins University. He has also 
done engineering work for the U. S. Navy 
Bureau of Ships, the Division of War Re- 
search at Columbia University, and the 
Douglas Aircraft Corporation. He at- 
tended the University of California and 
has served on AIEE’s Electronics Committee 
(1951-55). 
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P. E. Shaad (AM °34, M °46), electrical 
engineer, Sacramento Municipal Utility 
District, Sacramento, Calif., is now assistant 
general manager and assistant chief engineer 
of the Sacramento Municipal Utility District. 
He graduated from the University of Kansas 
with honors in engineering and was pre- 
viously employed by both the General Elec- 
tric Company and the Hawaiian Electric 
Company. 


G. W. Dunlap, (AM ’35, F ’48), assistant 
division engineer, High Voltage and Nu- 
cleonics Division, General Engineering Lab- 
oratory, General Electric Company, Sche- 
nectady, N. Y., is AIEE representative on 
the Nuclear Congress Program Committee 
of Engineers Joint Council, national organ- 
ization ef nuclear engineers. He is also on 
the Executive Committee of the Nuclear 
Engineering Division of the American 
Institute of Chemical Engineers. Dunlap 
served on AIEE’s Committee on Nucleonics 
(1948-52, chairman 1952-54, 1955); 
Science and Electronics Division (1952-54); 
Electrical Techniques in Medicine (1951- 
55); and Instruments and Measurements 
(1947-51). 
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Walter D. Steele (AM ’00, Member for Life), 
associated with Benjamin Electric Manu- 
facturing Company, Des Plaines, IIl., since its 
founding in 1901, died December 9. With 
his associates he organized Benjamin Electric 
in 1901, and in 1907 became actively con- 
nected with it as vice-president in charge of 
sales and manufacturing activities, and served 
as president from 1928 until 1954. In 1954 
he retired from active business in favor of a 
consulting capacity. During his career he 
was a leader in electrical industry affairs and 
in 1952 was awarded the first 60-year medal for 
continuous and devoted service to the entire 
electrical industry by the National Electrical 
Manufacturers Association. Mr. Steele was 
born in Keokuk, Iowa, and graduated from 
Iowa State College in 1891. After gradua- 
tion he was associated with the Cast Iron 
Pipe Works of Cincinnati. Then, in 1892, 
he joined the Brush Electric Company as an 
engineer in the Chicago office. On January, 
1, 1894, he became engineer in charge of 
outside construction for the municipal power 
plant of the City of Detroit, later becoming 
assistant city electrician, and in 1896, city 
electrician and superintendent in charge of 
the operation of this plant. During this 
time he established the first municipal in- 
spection department under an ordinance of 
the City of Detroit and administered this 
department as part of his duties as city 
electrician. Mr. Steele joined Westing- 
house, Church, Kerr and Company in New 
York in 1900. He had charge of design, 
specification and construction of a wide 
variety of projects. Included in_ these 
projects were some “‘firsts” in the electrical 
industry. One of these was the first con- 
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version of a large machine shop from directly 
applied steam power to the use of electric 
motors. This was the conversion of the 
Santa Fe shops at Topeka, Kansas. 


Paul William Kirkpatrick (AM _ °28), 
general engineering personnel supervisor of 
the Mountain States Telephone and Tele- 
graph Company, Denver, Colorado, died 
recently while on a business trip in El 
Paso, Texas. Mr. Kirkpatrick was born in 
Smith Center, Kansas, May 19, 1899, and 
moved to Colorado in 1911. He received 
his B. S. degree in electrical engineering from 
the University of Celorado in 1923. He was 
a member of Eta Kappa Nu honorary elec- 
trical engineering fraternity. After gradua- 
tion, he was employed by Westinghouse Elec- 
tric Corporation in Pittsburgh and was 
assigned to the Denver office in 1925. In 
1928 he joined H. S. Sands, consulting en- 
gineering firm. In 1929 Mr. Kirkpatrick 
entered the communication field as an equip- 
ment engineer in the general engineering de- 
partment of the Mountain States Telephone 
and Telegraph Company. He served in 
various assignments in that department un- 
til his appointment as methods engineer. In 
January, 1954, he became general engineer- 
ing personnel supervisor. Mr. Kirkpatrick 
was active in the Denver Section of AIEE and 
served several years as editor of the Section 
publication, Dods. He was also a member 
of the Colorado Society of Engineers. 


Aubrey Evelyn Beattie (M °47), engineering 
manager for Gulf States Utilities Company, 
died suddenly November 29. Mr. Beattie 
had been associated with Gulf States and 
predecessor firms since 1922. An engineering 
graduate of Nova Scotia Technical College, 
he went to work for Stone and Webster 
Engineering Corporation at Boston in 1922. 
He was subsequently transferred to Cape 
Breton Electric Company in Nova Scotia 
where he remained until 1925, when he 
moved to Beaumont, Texas. There he 
assumed a post as distribution engineer with 
the old Eastern Texas Electric Company, a 
Gulf States predecessor. Shortly thereafter 
he was made superintendent of transmission 
and distribution. Transferred to Lake 
Charles, La., in 1935, as superintendent of 
transmission and distribution for the Lake 
Charles Division, he remained there until 
1942. He returned to Beaumont in that 
year in the system engineering department 
and in 1950 was promoted to his recent posi- 
tion of engineering manager. Mr. Beattie 
was active on the AIEE Transmission and 
Distribution Committee (1949-50). 
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Recommended for Transfer 


The Board of Examiners at its meeting of December 
16, 1954, recommended the following members for 
transfer to the grade of membership indicated. An 
objections to these transfers should be filed at once wit! 
the Secretary of the Institute. A statement of valid 


reasons for such objections, signed by a member, must be 
furnished and will 


treated as confidential. 





Institute Activities 





To Grade of Member 


Adams, E. M., application engr., Westinghouse Electric 
se Providence, R. I. 

Bailey, E. A., application engr., I-T-E Circuit Breaker 
o., Philadelphia, Pa. 

Baumann, F. W., manager, engs. subsection, General 
Electric Co., Schenectady, N. Y. 

Boyle, M. V., electrical engineer, General Electric Co., 
Philadelphia, Pa. 

Bryan, J. R., Jr., street lighting engineer, The Tolede 
Edison Co., Toledo. Ohio. 

Decker, W. J., engineer, Commonwealth Edison Co., 
Chicago, Ill. h 

Dickinson, R. W., proposition engineer, General Electric 
Co., Pittsfield, Mass. 

Dingenthal, J., electrical engineer, Atlantic Div., U.S. 
Corps of Engineers, New York, N. Y. 

Fishburne, F. J., wansmission supt., Charleston Div. 
way Carolina Electric & Gas Co., Charleston, 
. C. 

Grauer, C. T., senior electrical engineer, radiation lab., 
University of California, Livermore, Calif. 

Gubanc, R. D., eiectrical engineer, Clark Controller Co., 
Cleveland, Ohio. 

Hale, W. O., consulting & application engineer, 
inghouse Electric Corp., Hartford, Conn. 

Haselton, F. W., product sales mgr., Federal Electric 
Products Co., Hartford, Conn. 

Huston, E. F., engineer, Ohio Brass Co., Mansfield, 
Ohio. 

Jarrett, E. I., senior engineer, Duquesne Light Co., 
Pittsburgh, Pa. 

Krause, C. E., assistant relay engineer, Illinois Power 
Co., Decatur, Ill. 

Lantz, F. L., electrical engineer, Giffels & Vallet, Inc., 
Detroit, Mich. p 

Lauber, T. = engineer, General Electric Co., Pittsfield, 
M. 


ass. 

Leemon, W., engineer, The Ohio Bell Telephone Co., 
Cleveland, Ohio. : : 

Leithold, K. K., associate electrical engineer, University 
of Califorma, Los Angeles, Calif. L 

Lewis, W. B., assistant prof. of elec. engg., University of 
"Oklahoma, Norman, Okla. , 

Marsh, W. D., application engineer, General Electric 

Co., Schenectady, N. Y. ‘ 

Mather, G. H., electrical engineer, Colmar plant, Link- 
Belt Co., Colmar, Pa. ; 

Meyerend, F. M., electrical engineer, Bridge Div., 
John A. Roebling’s Sons Corp., Trenton, N. J. 

Milligen, Bert H., measurements foreman, Oklahoma 

as & Electric Co., Oklahoma City, Okla. 

Mollerhoj, J. S., associate director, a/S Northern Cable 
& Wire Works, Copenhagen, Denmark | 

Norton, R. S., chief engineer, special devices, Infra 
Electronic Corp., Roseland, N. J. 

Philpot, C. P., associate professor & head, electrical 
engineering dept., Tennessee Polytechnic Institute, 
Cookeville, Tenn. 

Schwartz, D. E., engineer, Navy Dept., Buaer, Wash- 
ington, D. C. ‘ ‘ : 
Slemon, G. R., asst. professor of electrical 4 es 
Nova Scotia Technical College, Halifax, N. S. 
Tatman, A., electrical engineer, Hi-Voltage Equipment 

Co., Cleveland, Ohio ?_ 

Tucker, E. H., electrical engineer, Newment Mining 
Corp., New York, N. Y. A 

Wendt, R. R., senior engineer, Bendix Aviation Corp., 
Mishawaka, Ind. 

Whitwell, O. D., manager, electronics dept., Clark 
Controller Co., Cleveland, Ohio : 

Yates, F. A., manager of commercial enge-» Finderne 
plant, Diehl Mfg. Co., Sommerville, N. J. 


West- 
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Applications for Election 


Applications for admission or re-election to Institute 
membership in the grade of Member, have been received 
from the following candidates, and any member object- 
ing to election should so notify the Secretary before 
February 25, 1955, or April 25, 1955, if the applicant 
resides outside of the United States, Canada, or Mexico. 


To the Grade of Member 


Ali, S. N., Punjab Public Works Dept., Electricity 
Branch, Lahore, Punjab, Pakistan. 4 

Byrd, P. R., F. H. McGraw & Co., Paducah, ~s 

Eager, M., Massachusetts Institute of Technology, 
Cambridge, Mass. 
Hall, J. R., Continental Electronics Mfg. Co., Dallas, 
Texas 
Hamilton, W. H., Westinghouse Electric Corp., Pitts 
burgh, Pa. ae 
Kiser, W. L., Federal Communications Commission, 
New York, N. Y. 

Menon, K. B., (Indian Institute of Technology, 
Kharagpur, India), Metropolitan Vickers Electrical 
Co. Lid, Manchester, England 

Seth, V. D., Electricity Department, Uttar Pradesh, 
Lucknow, India 

Vassil, P. N., (re-election), Department of Army Corps of 
Engineers, Washington, D. C. 
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Unique Mechanism Docks Planes 


at New York International Airport 


The Whiting Loadair is a mechanical 
device which docks a commercial airplane by 
moving it sideways to a covered pier or dock. 
For the first time passengers will be able to 
board a plane directly from an airport ter- 
minal building without being exposed to the 


weather. Baggage will be handled for the 
first time from plane to baggage claim area 
by means of conveyors directly. 

The aircraft taxis into position, placing its 
wheels on dollies, and stops its engines. 
The Loadair winch then moves the dollies on 
rails so that the aircraft is moved sideways 
about 90 feet in less than a minute until its 
door is flush with the entrance to the Loadair 
dock. The operation is controlled by two 
push bottoms (one at the dock and one on 
the ramp), and there are limit switches which 
automatically stop the aircraft at the proper 
point. Conversely, a departing aircraft 
is moved sideways away from the dock to 
the point where it starts its engines and taxis 
off the dollies. 

The Whiting Corporation of Harvey, 
Ill., developed and manufactures. the 
patented Loadair system. The first installa- 
tion of the system anywhere in the United 
States is at the New York International 


Airport. The equipment installed includes 
the Whiting Loadair machinery which will 
handle all makes and models of United States 
transport aircraft presently using New York 
International Airport. It is powered by a 
20-hp main-drive motor which enables the 


An American Airlines 
DC-~7 is shown on the 
Whiting Loadair, 
which is moving it on 
cars along tracks to a 
point where the 
plane’s door will be 
flush with the en- 
trance to the terminal 


device to move a 75-ton craft 90 feet in 40 
seconds for an electrical cost of less than 1!/2 
cent per operation. All electric controls 
and motors were supplied by Westinghouse. 

The baggage and cargo-handling conveyors 
connect the various cargo hatches of the 
aircraft directly to the baggage claim area. 
They transport the baggage at a rate of 150 
feet per minute. These conveyors were 
designed, manufactured, and supplied by 
Stephens-Adamson Company of Aurora, 
Ill. The pier or dock building is a 
specially-designed building from which the 
passenger steps directly into the aircraft. 
This is 94 by 10 feet of steel construction. 
The outer or plane end has two stories. 
The upper story is used for boarding the 
4-engine-type aircraft and for cabin servicing 
use. The lower story is used for boarding the 
smaller twin-engine aircraft. The lower 
level is also used for baggage reclaim and 
ticket check-in prior to boarding the aircraft. 


Direct Amplification of Light Achieved 
by Newly Developed Phosphor Cell 


Another step forward in scientific progress 
was made in the General Electric Company’s 
research laboratory with the discovery of a 
light amplifier without the use of electron 
tubes. An experimental phosphor screen, 
across which an electric field was set up, 
emitted ten times the amount of light than 
was incident upon it. 

An ordinary lantern-slide projector was 
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used to throw the image of a picture on a 4- 
inch screen, the light energy coming from 
an ultraviolet source. The picture was a reg- 
ular photographic slide, shown in Fig. 1. As 
the direct voltage across the screen was raised 
to the order of 100 volts, the picture became 
brighter in the way usually achieved by in- 
creasing the intensity of the projector light 
or by opening the lens aperture (Fig. 2). The 
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Future Meetings of Other Societies 


Society of the Plastics Industry, Inc. 
Reinforced Plastics Division Conference. 
10, 1955, Hotel Statler, Los Angeles, Calif. 


Institute of Radio Engineers. 7th Annual South- 
western Conference. February 10-12, 1955, Baker 
Hotel, Dallas, Tex. 


Tenth Annual 
February 8- 


Pennsylvania Electric Association, Winter Meeting 
of the Transmission and Distribution Committee 
February 10-11, 1955, Hotel Roosevelt, Pittsburgh, Pa. 


National Association of Purchasing Agents, Public 
Utility Buyers’ Group, 24th Annual Mid-Winter 
Conference. February 13-14, 1955, Shamrock Hotel, 
Houston, Tex. 


National Rural Electric Cooperative Association, 13th 
Annual Meeting. February 14-17, 1955, Convention 
Hall, Atlantic City, N. J. 


Pennsylvania Electric Association, Winter Meeting of 
the Electrical Equipment Committee. February 17-18 
1955, Benjamin Franklin Hotel, Philadelphia, Pa. 


National Society of Professional Engineers, Annual 
Spring Meeting. February 18-19, 1955, Hotel Char- 
lotte, Charlotte, N. C. 


Society of Plastics Industry, Inc., Thirteenth Annual 
Canadian Conference. February 22-23, 1955, Hotel 
London, London, Ont., Canada 


Instrument Society of America, Annual Winter Con- 
ference of the New York Section. February 23, 1955 
Hotel Statler, New York, N. Y. 


Pennsylvania Electric Association, Winter Meeting 
of the System Planning Committee. February 28- 
March 1, 1955, Warwick Hotel, Philadelphia, Pa. 


National Association of Corrosion Engineers, Eleventh 
Annual Conference and Exhibition, March 7-11, 1955, 
Palmer House, Chicago, II. 


Oklahoma Agriculture and Mining College, Sym- 
posium on Electromagnetic Relays. March 9-11, 1955, 
Stillwater, Okla. 


National Electrical Manufacturers Association, Meet- 
ing. March 13-18, 1955, Edgewater Beach Hotel, 
Chicago, IIl. 


American Society of Tool Engineers, 23rd Annual 
Meeting. March 14-18, 1955, Los Angeles, Calif. 


Association of Supervising Electrical 
Fourth Electrical Engineers’ Exhibition. 
1955, Earls Court, London, England. 


Engineers, 
March 15-19, 


Southeastern Electrical Exchange, Annual! Meeting. 
March 21-23, 1955, Boca Raton Hotel, Boca Raton, Fla. 


American Society for Metals, Western Metal Expo and 
Congress. March 28-April 1, 1955, Pan-Pacific 
Auditorium, Los Angeles, Calif. 


Society for Nondestructive Testing, Ninth Western 
Metal Congress. March 28-April 1, 1955, Hotel 
Ambassador, Los Angeles, Calif. 


Illinois Institute of Technology, 17th Annual American 
Power Conference. March 30-April 1, 1955, Sherman 
Hotel, Chicago, Ill. 





difference in intensity before and after the 
voltage was raised is illustrated in Fig. 1. 
During the over-all brightening of the image, 
the contrast was virtually unchanged, show- 
ing proportional amplification of the image. 
As shown in the schematic diagram of Fig. 
3, the structure of the screen consists of a 
phosphor (zinc-sulphide) film between plane 
parallel electrodes, one of which is trans- 
parent. Although this phosphor exhibits 
negligible light emission under the influence 
of only an electric field, its light output is 
increased proportionally when the field is 
increased and light impinges upon it. 
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Fig. 1. 


These two photographs were printed simultaneously, without any special 


photographic manipulation, from negatives made consecutively on a roll of 35-mm film 


with the same camera, using the same lens, lens opening, and exposure time. 


The 


picture was projected on the small screen with a lantern-slide projector, and neither the 
light source nor the lens opening of the projector were altered between the two exposures 


reproduced here. 


The brightness increase in the left picture was produced by the 


method of direct light amplification 


Fig. 2. Slide projector 
at the left throws 
image on light-ampli- 
fying screen held by 
D. A. Cusano (left), 
who is credited with 
creating the light-am- 
plifying phosphor by 
Dr. F. E. Williams 
(right) 


pom CONDUCTING METALLIC FILM 
r— LUMINESCENT 20S LAYER 
if CONDUCTING TRANSPARENT FILM 


' | 
| METAL ELECTRODE 
rats h BR wica spacer 
\ = 


4 CONDUCTING PAST 


GLASS Bast 
METAL ELECTRODE 


EXCITING RADIATION 
VISIBLE EMISSION 


Fig. 3. Schematic diagram shows the ele- 

ments of the special phosphor cell de- 

veloped by scientists at the General Elec- 
tric Research Laboratory 


It was brought out by Dr. F. E. Williams, 
head of the light generation studies at 
General Electric’s research laboratory, that 
the frequency of the incident light energy on 
the particular phosphor in the screen affected 
the frequency of the light output. For in- 
stance, when ultraviolet light was the source, 
the zinc-sulphide screen fluoresced yellow. 

Dr. C. G. Suits, General Electric’s vice- 
president and director of research, stated that 
although this new phenomenon may have 
great importance in the future of television, 
X-ray fluoroscopy, “‘seeing-in-the-dark” de- 
vices, and other developments, no immediate 
application should be anticipated. D. A. 
Cusano is credited with the creation of 
the light-amplifying phosphor. 
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Johns Hopkins University Building 
to Be Named for Dr. Ames 


The new engineering building of The 
Johns Hopkins University will be named 
Ames Hall in honor of former President 
Joseph Sweetman Ames, by action of the 
Board of Trustees, it has been announced by 
President Lowell J. Reed. 

The formal dedication of the building, 
which cost 1!/-million dollars in state- 
appropriated funds, will be held sometime 
in the spring. 

Dr. Ames, a noted physicist who died in 
1943 at the age of 78, was the fourth presi- 
dent of the university. As a student, pro- 
fessor of physics, dean, provost, and president, 
he was identified with Johns Hopkins from 
1883 until 1935, when he retired, becoming 
president emeritus. 

Although known for a brilliant career as 
an educator, he was also noted for his re- 
search in the aeronautical field. He was 
chairman from 1927 to 1939 of the National 
Advisory Committee for Aeronautics, of 
which he was a member from 1917 to 1941. 
At the Langley Memorial Laboratory, 
Langley Field, Va., he developed many de- 
vices for safety and efficiency in all types of 
aircraft, for which he received the Langley 
Gold Medal of the Smithsonian Institution 
in 1935. That same year he also was given 
the Sylvanus Reed Award from the Institute 
of Aeronautical Sciences. Dr. Ames was 
also a member of the National Research 
Council, the National Academy of Sciences, 
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an honorary member of the Royal Institution 
of Great Britain, a fellow of the American 
Academy of Arts and Science and of the 
American Physical Society. 

The new engineering building, the corner- 
stone-laying of which took place last May, 
completes the group of major buildings on the 
main quadrangle of Johns Hopkins’ campus. 
Located adjacent to the original buildings, 
the first of which was designed in 1913, it 
follows their style of Georgian architecture. 


Generating Unit Exploded at 
Ridgeland Station 


The low-pressure turbine of a cross-com- 
pound generating unit with a capability of 
160,000 kw exploded at Commonwealth 
Edison Company’s Ridgeland Station, ap- 
parently due to metal failure in the turbine 
spindle shaft. The basic cause of this failure 
has not yet been determined. 

The unit (# 4) is one of four of the same 
size in this station. Flying pieces of metal 
damaged the other three units, and the sta- 
tion was completely shut down. The acci- 
dent occurred at 11:19 p.m., December 19, 
1954. The other three units, however, were 
restored to service within 50 hours. 

Ridgeland Station is the newest on the 
Edison system. It is located on the Chicago 
Sanitary and Ship Canal about 2 miles west 
of the city limits. Construction on this 
station was begun in 1948, and the four units 
had a total net capability of 640,000 kw. 
Unit 4, built by Allis-Chalmers Manu- 
facturing Company, had been in commercial 
operation since August 1954, had passed 
every normal test, and had given no previous 
evidence of trouble. 

At the time of the accident, the unit had 
been out of service for 2 days for cleaning of 
the boiler. It is a regular practice after a 
turbine outage to recheck the overspeed trip 
before placing the machine back in service. 
In this case, it meant separately checking the 
overspeed trip on both the high-pressure 
and low-pressure elements of the turbine. 

The low-pressure element, with a normal 
speed of 1,800 rpm, had been given its over- 
speed check and had tripped within the 10 
per cent limit. The high-pressure element 
was being brought up for its overspeed check 
when the failure occurred. 

There were six men on the floor at the 
time engaged in this operation. Five were 
Edison men and one the manufacturer’s 
representative. Two Edison men_ were 
killed by flying metal and the four other 
men suffered either broken bones or shock. 
No one else either inside or outside the sta- 
tion received injuries but three were treated 
for shock. 

The center section of the spindle shaft, 
approximately 7 feet in diameter and 4 fect 
long, broke into a number of pieces which 
were thrown out of the machine along with 
much of the turbine casing. One section 
weighing several tons went through the roof 
of the building and landed in the coal pile to 
the west of the station building. Another, of 
comparable size, traveled east and ripped 
open the tailpipe on the Unit 1 condenser, 
300 feet away. Other pieces cut through 
the cross-over pipes between the interme- 
diate- and low-pressure elements of both Unit 
2 and Unit 3: One piece also cracked the 
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Turbine Room at Ridgeland Station, show- 
ing wrecked low-pressure Unit 4 and 
damage to other units 


Close-up view of low-pressure Unit 4 at 

Ridgeland Station. Center section of 

spindle with eight rows of blades is miss- 

ing. Stub shafts and double exhaust 
blades remain in place 


casing on the low-pressure element of Unit 3. 
Miscellaneous damage was done throughout 
the turbine room by other flying metal. The 
most extensive building damage was done to 
the roof structure. 

At the time the accident occurred, the 
other three units at Ridgeland were carry- 
ing a load of 460,000 kw out of a total system 
load of 1,850,000 kw. System load was 
dropping rapidly at the time, and other units 
were able to respond to the demand without 
material loss in frequency or other dis- 
turbances. The tie-lines to the neighboring 
systems to the east, which normally carry 
no load at this time of the day, picked up 
190,000 kw. This part of the load was 
transferred to Chicago area stations within 
afew minutes. A most difficult problem was 
the picking up of the Monday morning day- 
time and evening loads with 640,000 kw of 
Ridgeland capacity out of service. There 
was a good possibility that this load would 
be the all-time system peak. Over 600 large 
customers were called on to reduce their 
demands by 25 per cent, and the general 
public was requested to co-operate by reduc- 
ing load wherever possible. Purchases from 
other companies over interconnections were 
made to the extent of approximately 200,000 
kw. With these measures the system load 
was Carried successfully. 

A remarkable repair job was done within 
a very short time. A new tailpipe 12 feet 
long, 5 feet in diameter, and made of 1/2-inch 
steel was fabricated and welded into place 
in order to restore Unit 1 to service. The 
cross-over pipes on Unit 2 and Unit 3 had 
both been cut severely, and new sections of 
pipe had to be welded into place where the 
damage was done. The casing of Unit 3 


172 


had been cracked by flying steel. The 
crack was sealed by the metal-lock method 
and a section of steel plate was riveted on for 
added strength. The hydrogen control 
panel for Unit 3 had been wrecked and was 
replaced by a panel from Will County 
Station, now under construction. 

While the units were actually back in 
service within 50 hours, the work of replacing 
roof trusses, precast concrete roof slabs, and 
other work in the station still continues. 

Investigations are being made to deter- 
mine the basic cause of the spindle-shaft fail- 
ure. The spindle design is not unusual. 
The forging itself was subjected to all well- 
established factory tests, including ultrasonic 
and tests associated with interior boring. A 
large part of the damage is expected to be 
covered by the manufacturer’s warranty and 
by the company’s insurance. 


Modern Electronic Ovens 
Provide Speed in Cooking 


Two commercial models of the Raytheon 
Manufacturing Company’s (Waltham, Mass.) 
‘*Radarange” microwave oven are currently 
in production. Both are single-package 
systems housed in stainless-steel cabinets. 

Heating is accomplished by microwave 
energy at 2,450 megacycles, generated by 
using QK-390 continuous-wave, air-cooled 
magnetrons. Two magnetrons are used in 
the larger unit to produce a maximum of 
1,600 watts of microwave power for heating 
purposes, while one magnetron in the smaller 
unit produces a maximum of 800 watts. 
The microwave energy in both cases is 
directly coupled to the oven cavity, where it 
is confined by the metal walls and a door 
designed with appropriate chokes. 

Except for the magnetrons, the electric 
equipment in the Radarange consists only 
of power supply and control equipment. 
The only tubes besides the magnetrons are 
the rectifier tubes in the power supply. 
The power supply furnishes 320 milliamperes 


Maintenance has been simplified in the 

new commercial-model Raytheon “Rada- 

range’’ oven through better designed cir- 

cuitry, and an improved long-lived air- 
cooled magnetron 
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at 5,000 volts to each magnetron in the form 
of pulsating direct current, which is derived 
from the line supply using a transformer 
and full-wave bridge rectifier. The rectified 
voltage is applied directly to the magnetron 
without filtering, as magnetrons are more 
stable with this sort of supply than with 
pure direct current. 

As magnetrons are essentially constant 
voltage devices like gas voltage-regulator 
tubes and will draw widely fluctuating 
amounts of current with very small changes 
in voltage, some means of current control 
is required. This control is accomplished 
very simply with a saturable reactor circuit 
in series with the primary of the high-voltage 
transformer. Using this reactor, the magne- 
tron current, and thus the cooking speed, 
is held virtually constant for changes in line 
voltage of +10 or —5 per cent. The 
reactor is also used to provide lower oven 
heats by reducing the magnetron current. 
This method is a particularly convenient 
way to control heat as all switching can 
be done in the low-current control circuit 
rather than in the power circuit. 

As the magnetrons and the mercury recti- 
fiers generate h-f hash, filters are built into the 
range on the magnetrons and in the incoming 
power lines, to reduce the radiated and 
conducted noise to a point where it is free 
from objectionable interference. 

The rest of the circuit is a straightforward 
control circuit with interlocks to provide 
protection from high voltage and to shut off 
the radiation if the oven door is opened. 
Power is provided for exhausting steam from 
the oven and cooling the magnetrons and 
other components. Cooling in itself is an 
important problem, and considerable care 
has been taken to insure long life by running 
the electric components cool. 

Radarange microwave ovens are de- 
signed to operate on 208 to 230 volts, single- 
phase, 60 cycles; the neutral wire carries 
no current and can be used for grounding. 
The large model consumes about 1.02 kw 
on standby and about 5.3 kw on the high 
heat, with a power factor of approximately 
85 per cent. The power demand for the 
small model is just half that of the large 
range. 


Private Industry Assisted 
in Defense Planning 


The survival of a company today demands 
that it plan how to reduce the effects of an 
enemy attack, how to deal with espionage 
and sabotage, and how to resume production 
quickly after an attack. This is an im- 
portant job for management today. 

The subject is presently receiving the 
concentrated thought and attention of the 
Business and Defense Services Administra- 
tion (BDSA), United States Department of 
Commerce. In order to stimulate manage- 
ment to do what they can with what they 
have, a_ booklet, “Job for Management,” 
has been prepared with the assistance of 
the Industry Task Group, which includes 
representatives from a number of private 
industrial firms. 

In addition, much help is available to 
those companies that will undertake the 
job of defense planning. Plans and the 
experience of other companies are available; 
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factual data on target areas, the destructive 
power of various weapons, the vulnerability 
of structures, and other needed background 
facts are obtainable. BDSA is set up to 
provide the necessary information, to act 
as a clearing house for ideas, and to bring 
companies in contact with people in govern- 
ment or industry who may be of assistance. 
Many companies have found the counsel 
and assistance a good starting point. Con- 
tact BDSA if any information or assistance 
is needed. 


Conference on Photoconductivity 
Was Held in Atlantic City 


The first scientific meeting devoted 
entirely to the subject of photoconductivity 
was held at the Senator Hotel in Atlantic 
City, N. J., recently. The sponsoring agencies 
were the Office of Naval Research, the 
University of Pennsylvania, and the Radio 
Corporation of America. Limited space 
and the desire to promote discussion among 
those active in the field, made it necessary 
to restrict attendance to about 140 persons. 

The program included 30 invited and 
contributed papers, covering nearly all 
aspects of photoconductivity. The topics 
receiving the greatest emphasis were photon 
absorption processes, electron processes, 
the phenomenological theory of photo- 
conductivity, and photoconductive materials. 
The final session was devoted to current 
research on photoconductivity in indium 
antimonide, germanium, tellurium, lead 
sulphide films and single crystals, and lead 
telluride films. 

The papers presented at this conference, 
together with significant comments from 
the floor, will be published by John Wiley 
and Sons, New York, N. Y., under the 
auspices of the American Institute of 
Physics, and is expected to appear next 
summer. 


Fermi Received First 
Special AEC Award 


The late Enrico Fermi, who had been 
professor of physics at the Institute for Nu- 
clear Studies, University of Chicago, 
Chicago, Ill., was named as the recipient 
of the first special award by the United 
States Atomic Energy Commission. 

The Atomic Energy Act of 1954 authorizes 
such awards for “especially meritorious 
contributions for the development, use, or 
control of atomic energy.” The award to 
Dr. Fermi, which was recommended by the 
General Advisory Committee and approved 
by President Eisenhower, is for $25,000. 
The award was accompanied by a citation 
noting Dr. Fermi’s contributions to basic 
neutron physics and the achievement of 
the controlled nuclear chain reaction. 

Dr. Fermi’s accomplishments in physics 
and in particular his contributions to the 
development of atomic energy have been of 
tremendous importance. The Fermi-Dirac 
particle statistics, the theory of beta-decay, 
the Fermi-Thomas model of the atom, 
neutron induced radioactivity, and a theory of 
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the origin of cosmic rays are among his 
experimental and theoretical works. He had 
been awarded, among other honors, the 
Nobel Prize, and had been president of the 
American Physical Society. 


Precision Glass Screens Designed 
for Cathode Ray Tubes 


The successful manufacture of 300-mesh 
precision glass screens containing over 
200,000 square holes so small they cannot 
be threaded by a human hair is announced 
by Corning Glass Works, Corning, N. Y. 

Currently being supplied for use as part 
of a cathode ray tube, the precision screens 
can now be made more accurately than ever 
before. 

Prior to the use of glass, these components 
were usually made of copper by an electro- 
plating process. The new glass screens 
offer sharper definition and at the same time 
simplify manufacturing and conductivity 
problems encountered with other materials. 

The screens are currently being supplied 
as small squares with approximately 2'/, 
square inches of screen area containing 
90,000 accurately spaced holes per square 
inch. However, the unusual manufactur- 
ing method is not limited to these sizes or 
shapes or to 300 mesh. 

The screens are made from Corning’s 
“fotoform” glass. Fotoform is a new photo- 
sensitive glass that can be formed and cut 
with photographic precision. After the 
screen has been formed, the glass is con- 
verted to “fotoceram”, a material 2 to 3 
times stronger than the parent glass. The 
process can be adapted for partial or com- 
plete cutting of glass in any pattern that 
can be reproduced photographically. 


Summer Sessions in Statistics 
Held at University of Florida 


The University of Florida, North Carolina 
State College, Virginia Polytechnic Institute, 
and the Southern Regional Education Board 
are jointly sponsoring a series of co-operative 
summer sessions in statistics. 

The first of these co-operative graduate 
summer sessions was held during the summer 
of 1954 at Virginia Polytechnic Institute. 
The second session will be held at the 
University of Florida from June 20 to July 
29, 1955. A session is scheduled to be held 
at North Carolina State College in 1956, 
and another at Virginia Polytechnic In- 
stitute in 1957. 

The summer sessions are designed to carry 
out a recommendation of the Southern 
Regional Education Board’s Advisory Com- 
mission on Statistics, on which the three 
institutions initiating the program are 
represented. The sessions will be of par- 
ticular interest to: research and professional 
workers who want intensive instruction in 
basic statistical concepts and who wish to 
learn modern _ sstatistical methodology; 
teachers of elementary statistical courses 
who want some formal training in modern 
statistics; prospective candidates for 
graduate degrees in statistics; graduate 
students in other fields who desire support- 


Of Current Interest 


ing work in statistics; and _ professional 
statisticians who wish to keep informed of 
advanced specialized theory and methods. 

Each of the summer sessions will last 
6 weeks and each course will carry ap- 
proximately three semester hours of graduate 
credit. The program may be entered at 
any session, and consecutive courses will 
follow in successive summers. 

Courses to be offered this summer are: 
Statistical Methods I, Statistical Methods II 
(Design of Experiments), Statistical Theory 
I, Statistical Theory II (Inference and 
Least Squares), Advanced Analysis I, 
Theory of Sampling, Theory of Statistical 
Inference, Mathematics for Statistics, Statis- 
tical Research in Education, and Psychology 
and Seminar on Recent Advances in 
Statistics. 

The University is in Gainesville, located 
in north central Florida, midway between 
the cooling breezes of the Gulf of Mexico 
and the Atlantic Ocean. Inquiries should 
be addressed to: Professor Herbert A. Meyer, 
Statistical Laboratory, University of Florida, 
Gainesville, Florida. 


New Method for Rate-Measurement 
of Watthour Is Used 


A more rapid method for precisely 
measuring the rate of a-c watt-hour meters 
has been developed by T. L. Zapf and A. W. 
Spinks of the National Bureau of Standards 
(NBS). This method reduces to a minimum 
the use of an electrodynamic wattmeter 
and the laborious process of holding the a-c 
power constant while the meter registration 
is accumulating. In lieu of regular use of 
the wattmeter for all tests, measurements 
may now be made by a comparison process 
that employs a group of carefully selected 
a-c watt-hour meters, one of which has been 
adapted for use as a “standard watt-hour 
meter” while the others serve as comparison 
standards. Specifically the rate comparisons 
are performed by comparing the number of 
revolutions of the disk of the watt-hour meter 
under study with that of the standard meter. 
The standard meter must initially have had 
its rate determined by the older method. 


Standard watt-hour meter setup at the 
National Bureau of Standards. In the 
foreground are (left to right) the ‘‘stand- 
ard watt-hour meter”’ in its circular hous- 
ing; the pulse counter and electronic 
timing and counting circuits which de- 
termine accurately the duration of a test 
run; and the a-c power supply which 
energizes the coils of the standard or the 
watt-hour meter under test 
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Close-up of the standard watt-hour meter 
assembly used by the National Bureau 
of Standards for the rate-comparison 
watt-hour meters. The standard watt-hour 
meter with its rotating mirror is in the 
center of the large cylinder. Above the 
mirror is the mercury-vapor lamp and 
lens housing. The phosphorescent scale 
(white) and the engraved plastic reading 
scale (below) are mounted near the edge 
of the large cylinder 


A watt-hour meter is essentially an inte- 
grating wattmeter in that the time rate of 
angular rotation of its disk is proportional 
to the power supplied to the load. Thus, 
the number of turns of the disk during a 
certain time interval is proportional to the 
electric energy delivered through the 
watt-hour meter to the load. In high- 
precision NBS tests in the past, this has 
ordinarily been done by observing the 
number of disk revolutions occurring in a 
fixed time interval during which the power 
has been held constant. The power was 
indicated by the deflection of an electro- 
dynamic wattmeter previously calibrated 
on reversed direct current. This funda- 
mental procedure was capable of high 
accuracy but was necessarily tedious and 
difficult. 

It has been known for many years that 
certain individual watt-hour meters may 
exhibit remarkable stability over long 
periods of time. Thus, in an effort to 
develop a more rapid testing procedure, it 
was decided to carefully select several 
watt-hour meters and to use them as a 
standard group for testing other watt-hour 
meters by a comparison of their rates. 

The meter selected as a standard is a 
modified portable commercial watt-hour 
meter (rotating standard). This unit has 
been provided with a shaft extension,and 
its register has been removed. The meter 
is mounted in a temperature-controlled box. 
A light-beam pointer has been provided 
by mounting a mirror inclined at 45° on the 
upper end of the shaft. A beam of light 
incident vertically on the mirror is deflected 
horizontally to an encircling scale provided 
with a phosphorescent band. A phototube 
is placed behind a vertical slit in the phos- 
phorescent band so that the light beam 
strikes the phototube once each revolution. 
The amplified pulse from the phototube 
energizes an electromagnetically-operated 
mechanical counter for counting the number 
of complete revolutions of the disk of the 
standard watt-hour meter during a run. 

A mercury-vapor lamp placed above a 
small circular aperture serves as the light- 
pointer source. A lens focuses the image of 
the aperture on the phosphorescent band. 
Any current pulse through the lamp will 
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cause a momentary intensification of the 
light which results in a luminous spot being 
left on the phosphorescent band. This spot 
will persist for several seconds; long enough 
for an operator to note its position on the 
engraved plastic scale. 

The duration of a test run, in one method 
of operation, is determined by a photo- 
electrically operated controller that counts 
a preset number of complete disk revolutions 
of the watthour meter under test. This 
method can be employed if the meter under 
test is of a type readily adapted to photo- 
electric pickoffs. Precisely at the _be- 
ginning and end of each run the amplified 
output from the phototube associated with 
the watt-hour meter under test triggers an 
electronic circuit that pulses the mercury- 
vapor lamp and produces a persistent spot 
of light on the phosphorescent band. The 
positions of these two spots can be read to 
the nearest thousandth of a revolution on 
the adjacent scale. Any fractional part of 
a revolution of the standard watt-hour meter 
can be computed from these two readings. 
Thus, the number of revolutions of the disk 
of the standard equals the reading of the 
mechanical counter plus the scale reading 
at the end of the run minus the scale reading 
at the beginning of the run. 


New Dam and Reservoir 
Built in Puerto Rico 


Dedication of the Antonio Luchetti Dam 
and Yauco Reservoir was announced by 
Carl A. Bock, executive director of the Puerto 
Rico Water Resources Authority. This is 
the second of five major dams being built in 
connection with the southwestern Puerto Rico 
project. This project extends over an area 
of 250 square miles and encompasses the 
reclamation and utilization of 26,000 acres 
of land; development of 100-million kilowatt- 
hours annually of hydroelectric energy; de- 
velopment of a potable water supply for com- 
munities in the southwestern part of. the is- 
land, and protection from floods in several 
river basins. 

Part of the project involves diversion of 
water through the mountain divide of nearly 
8 miles of tunnels. Construction of two of 


Luchetti Dam and _ “Yauco 


Reservoir in Puerto Rico 
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the three remaining major dams is well under 
way, and work on the foundations for the 
fifth dam has begun. The source of water 
and power features will cost the Authority 
over 25-million dollars, and the irrigation 
feature financed by the Commonwealth of 
Puerto Rico will cost almost 7-million dollars. 


College Recruiting Trends Show 
Many Opportunities for Graduates 


According to the Engineering Manpower 
Commission of Engineers Joint Council and 
the Scientific Manpower Commission in 
the Newsletter, the 1955 Midwest College 
Placement Association’s: “College Recruiting 
Survey” shows that opportunities for 1955 
graduates are very promising. The follow- 
ing two questions from the survey and the 
answers are illuminating: 

How will your 1955 requirements for 
college-level men compare with those for 
preceding years? 


1955 versus 1954 
No. of Companies 


1954 versus 1953 
No. of Companies 





Tech. 
aa 
The same 


Non-Tech. 


Tech. Non-Tech. 
1 


As nearly as you can now estimate, what 
will your 1955 gross monthly salary offering 
be for men without previous business or in- 
dustrial experience? 


1955—Non-Veteran 
No, of Companies 





Technical Non-Technical 





Salary Range Bach. Master Ph.D. Bach. Master 


$250 or under. ... 
} ) rrr 


Engineers Prune Verbiage 
in Letter-Writing Course 


United States’ businessmen, portrayed the 
world over as aggressive, fast-talking execu- 
tives, become amazingly inarticulate when 
pressed to dictate or write letters. Their 
self-assurance melts and they take refuge 
in cautious, wordy, and involved writing. 

One firm, Minneapolis-Honeywell’s Brown 
Instruments Division, Philadelphia, Pa., in the 
spirit of self-analysis, recently organized a 
class of verbiage pruners among its letter 
writers. 

Since _ this sends out 


division some 
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3,000 letters daily, besides composing and 
circulating approximately 5,000 interoffice 
memos, C. L. Scheetz, training director, 
estimated that inefficient dictating could be 
costing the firm hundreds of thousands of 
dollars yearly. 

Contributing to that inefficiency is the 
tendency to “‘write like a man walking on 
stilts,” Scheetz said. ‘‘Many of us, unless 
trained to say things as plainly on paper as 
we do in talking, often “pace off’? a 50-word 
sentence without realizing it.” 

The firm’s students are learning to or- 
ganize their thoughts before dictating. 
Then they are urged to talk clearly (without 
chewing on a pipe or cigar) using simple, 
clear words and short sentences (21 to 30 
words). The ultimate aim? Letters which 
will be opened, read, understood, believed, 
agreed with, and acted upon. 


Million-Kw Generating Plant 
to Be Built Along Ohio River 


Ohio Power Company recently announced 
that it is acquiring approximately 650 acres 
of land along the Ohio River near Ironton, 
Ohio, as the site of a future 1-million-kw 
steam-electric generating plant. 

Philip Sporn, president of Ohio Power 
and its parent company, the American Gas 
and Electric Company(AGE), said that con- 
struction of the new plant would be undertaken 
when the demand for electric service called 
for the additional expansion of its facilities. 
He pointed out that the Ironton site was 
chosen for two principal reasons: its prox- 
imity to coal reserves and its location close 
to the center of the AGE System’s seven-state 
service territory. 


Scholarships Given by 
The Ohio Brass Company 


The Ohio Brass Foundation, a nonprofit 
organization established by The Ohio Brass 
Company, Mansfield, Ohio, awards scholar- 
ships to students from its plant areas who plan 
to seek degrees in certain technical sciences. 
Awards are based on scholastic standing, 
leadership qualities, personality, and other 
factors. The Foundation will pay all tuition 
and academic fees and part of room and 
board expenses for 4 or 5 years depending on 
the length of the courses. 


Winners of the first 
two Ohio Brass Foun- 
dation _ scholarships 
recently visited the 
Ohio Brass factory 
in Mansfield. -Look- 
ing over some mal- 


leable iron strain 
clamps are R. B. 
Black, president 
of the Foundation, 
F. E. Bair, factory 
manager, David L. 


Powell, and Russell 
M. Stender, winners 
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High-Intensity Projection Lamp 
Developed by Navy Engineers 


A 2,000-lumen projection lamp which 
produces more than 3 times the illumination 
previously available for 16-mm motion pic- 
ture projectors has been developed by engi- 
neers of the Bureau of Ships, the Navy an- 
nounced recently. 

The high-intensity lamp, designed for the 
JAN (Joint Army-Navy) 16-mm projector, 
will be used by the Navy aboard large 
ships where wide screens require strong il- 
lumination and in outdoor theaters on Navy 
bases overseas. The new lamp also has com- 
mercial applications, including use in the 
fields of television and photography, as well 
as in commercial movie projectors. It is 
considered to be highly suitable for color and 
black-and-white film. 

The incandescent light source previously 
available for the JAN 16-mm projector pro- 
duced only 525 lumens. _ In view of the super- 
ior performance of this projector, the Navy 
desired a stronger lamp that would fit into 
the projector without major equipment re- 
design. 

In addition to its 2,000-lumen output, the 
new projection lamp has uniformity of screen 
illumination; average illumination at four 
corners is 77 per-cent of illumination at 
center of the screen, and low corner illumina- 
tion is 75 per cent of the illumination at the 
screen center. 


Navy Icebreaker Embarks for 
Antarctic Scientific Expedition 


The USS Atka, United States Navy ice- 
breaker, embarked from Boston recently on a 
5-month’s expedition to the Antarctic. The 
expedition, under the command of Com- 
mander Glen Jacobsen, will spend almost 2 
months within Antarctic waters engaged in 
studies preliminary to the International 
Geophysical Year (IGY), 1957-58, when 38 
nations will carry out a world-wide research 
effort embracing such fields as meteorology, 
cosmic rays, solar activity, ionospheric 
physics, geomagnetism, oceanography, and 
glaciology. The United States program of 
the IGY is to be carried out under the joint 
auspices of the National Academy of Sciences 
and the National Science Foundation. 

An interesting study of the phenomena of 
“whistling atmospherics” at audio fre- 
quencies will also be conducted. Whistlers 
are electric noise disturbances originating in 
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lightning flashes. The experiment is to test 
the theory of the propagation of these 
whistlers. It is supposed that they propagate 
far outside the ionsphere, and that they re- 
turn to the earth in the opposite hemisphere. 
There, they seem to be reflected, and re- 
turn along the same path to the place of 
origin, where an echo “‘whistler’’ is observed. 
The question raised by scientists is: are 
whistlers observed at both conjugate points 
in the Northern and Southern Hemispheres 
at the same time? This requires simultan- 
eous observations at appropriate places in the 
two hemispheres. Accordingly observations 
are planned during the voyage at points in 
the Southern Hemisphere conjugate to the 
several existing observation points in the 
Northern Hemisphere. 

These whistlers, which are expected at a 
rate of at least one every 2 hours, will be 
recorded on magnetic tape. The time of 
occurrence of the whistlers must be deter- 
mined to within a second, as also the dis- 
persion of frequency. The timing is ex- 
tremely important, and systematic monitor- 
ing of various standard-frequency stations will 
aid in keeping accurate checks on the chro- 
nometers to be used, as well as helping to de- 
termine the range and effectiveness of the 
standard frequency signals. 


New Engineering Laboratory 
to Be Built in Boston Area 


An engineering laboratory for the develop- 
ment of specialized electronic fire-control 
systems for military aircraft will be established 
by the Radio Corporation of America (RCA) 
in the greater Boston area early next year, it 
was announced by Theodore A. Smith, 
vice-president and general manager, RCA 
Engineering Products Division. By the end 
of 1955, it will provide employment for 
approximately 100 scientists, engineers, and 
laboratory personnel. 

Dr. Robert C. Seamans, Jr., nationally 
known authority on airborne electronics, has 
been appointed manager of the new labora- 
tory. Dr. Seamans, who received his doc- 
torate in instrumentation from the Massa- 
chusetts Institute of Technology in 1951, 
has been associate professor at MIT since 
1949, and for the past 2 years served also 
as director of the MIT flight control 
laboratory. 

Location of the new RCA development 
activity in the Boston area reflects the grow- 
ing importance of New England as a center 
for the engineering and development of elec- 
tronic systems for a wide range of military 
and industrial applications. 


Fourteen Generators Installed at 
McNary Dam on Columbia River 


In a news item about the hydraulic turbine- 
driven generators at the McNary Dam (£.E., 
November 1954, p. 979), the number of units 
mentioned was 12, being manufactured by 
one company. The power house is con- 
structed to accommodate 14 generators. 
Two of the total number are being manu- 
factured by The English Electric Company, 
Ltd., of Stafford, England. 
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The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


PROCEEDINGS OF THE SYMPOSIUM ON 
OPERATIONS RESEARCH IN BUSINESS AND 
INDUSTRY. Sponsored by Midwest Research In- 
stitute, Kansas City, Mo., 1954. 185 pages, 11 X 81/2 
inches, paper. $5. Eleven papers, the first on the 
nature of operations research and its background, the re- 
mainder mainly on applications to management prob- 
lems—office procedures, marketing, traffic and transpor- 
tation, etc. One of the papers discusses scheduling 
batched operations in petroleum products pipe lines. 


PROFITING FROM INDUSTRIAL STANDARD- 
IZATION. By Benjamin Melnitsky. Conover-Mast 
Publications, Inc., 205 East 42nd Street, New York, 
N. Y., 1953, 381 pages, 91/4 X 61/4 inches, bound 
$5.50. This book, of interest mainly to management 
engineers and executives, shows how to develop, dis- 
tribute, and use industrial standards. Based largely on 
current American practice and illustrated by case 
histories, the book covers sources of industry, national, 
and government standards; organizing a standards de- 
partment; developing and applying company standards; 
classification; part numbering; design and purchasing 
standards; and related subjects. 


QUANTUM MECHANICS. By F. Mandl. Aca- 
demic Press Inc., 125 East 23rd Street, New York 10, 
N. Y., 1954. 233 pages, 10 X 61/2 inches, bound 
$5.80. Written as an introduction to the subject, this 
work presupposes a knowledge of classical physics, 
calculus, vector analysis, and the qualitative concepts of 
quantum theory, such as the wave nature of matter. 
The first five chapters cover underlying mathematical 
methods, wave-mechanical concepts, examples of 
energy eigenfunctions, general principles of quantum 
mechanics, and matrix mechanics. The last four 
chapters illustrate the use of the theory in solving specific 
problems involved in systems of many particles, perturba- 
tion theory, scattering, and group theory. 


RURAL ELECTRIFICATION, 2 VOLUMES. 
United Nations Economic and Social Council (available 
in U. S, from Columbia University Press, 2960 Broad- 
way, New York 27, N. Y.) 1954. 163 pages, 165 pages, 
11 X 8*/ginches, paper. $1.50, $1.25. These volumes, 
containing summaries of reports from 14 European 
countries, have been published in order to make the in- 
formation available to less industrialized areas. Volume 
I briefly surveys resources for power production, dis- 
cusses technical aspects of transmission and distribution, 
and reviews economic, financial, and administrative 
problems. Volume II contains reports on the use of 
electric power in agriculture and for various purposes in 
rural areas. 


SMITHSONIAN PHYSICAL TABLES. (Smithson- 
ian Miscellaneous Collections, vol. 120) Prepared by 
William Elmer Forsythe. Smithsonian Institution, 
Washington, D. C., ninth edition, 1954. 827 pages, 
9'/s X 61/s inches, paper. $9. Data of interest to 
engineers, physicists, and other scientists is tabulated in 
this book from the best available sources. Tables are 
arranged in groups of related data under such representa- 
tive designations as general physical constants, physical 
and mechanical properties of materials, characteristics 
of dielectrics, general conversion factors, etc. In this 
edition there are some 30 more tables than in the 
preceding issue of 1934, material has been rearranged for 
ease of use, and the index has been enlarged. Some 
older references have been omitted. 


SYMPOSIUM ON TEMPERATURE STABILITY 
OF ELECTRICAL INSULATING MATERIALS. 
(Special Technical Publication, no. 161). American 
Society for Testing Materials, 1916 Race Street, Phila- 
delphia 3, Pa., 1954. 136 pages, 9 X 6 inches, paper. 
$2.75. Eleven papers with discussion are included. 
Among the topics covered are the following: measure- 
ment of dielectric properties at high temperatures; 
effects of high temperatures on electrical properties of 
thermosetting plastics, on resistivity of bonded micaceous 
materials, and on silicone varnished glass fabric insula- 
tion; and the thermal stability of insulating fabrics, 
polyvinyl chloride compounds, insulating varnishes, and 
sheet insulation. 
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STEAM, AIR, AND GAS POWER. By William H. 
Severns, Howard E. Degler, John C. Miles. John Wiley 
and Sons, Inc., 440 Fourth Avenue, New York 16, N. Y., 
fifth edition, 1954. 502 pages, 8!/2 X 58/4 inches, 
bound. $6.50. Basic information on _heat-power 
theory, equipment, and practice for a first course in the 
subject is provided in this standard text. In revising 
the book the authors have reduced material on steam 
engines to one chapter and have modernized treatment 
of auxiliaries and equipment. There is a new chapter on 
refrigeration, and new material on centrifugal and axial- 
flow fans, oils and gases, and gas turbines. 


SYMPOSIUM ON FATIGUE, SYMPOSIUM ON 
HUMAN FACTORS IN EQUIPMENT DESIGN. 
(Ergonomics Research Society Proceedings, Volumes I 
and II) Edited by W. F. Floyd and A. T. Welford. H. K. 
Lewis and Company, Ltd., London, England, (distrib- 
uted in U. S. by John de Graff, Inc., 64 West 23rd 
Street, New York 10, N. Y.) 1953, 1954. 196 pages, 
132 pages, 98/3 X 6%/s inches, bound. $4. each. The 
papers in these symposiums present the viewpoints of 
anatomists, physiologists, psychologists, and industrial 
engineers. Papers in the first consider temperature, 
lighting, and other factors producing human fatigue, 
and record results of studies of its effects. Typical sub- 
jects discussed in the second are range and strength of 
joint movement, response to variously designed visual 
indicators, and equipment layout. 


TELEVISION 
MECUM, 1954. 


AND SPECIAL TUBES VADE 

P. H. Brans’, Ltd., Antwerp, eleventh 
edition, 1954. 244 pages, 118/s X 8 inches, paper 
$5. Data on tubes of manufacturers of many 
countries are presented in tables classified by major 
divisions—cathode ray tubes, crystal devices, controlled 
rectifiers, etc. This edition completes coverage of an 
extensive range of tubes begun with the ninth edition 
(radio tubes), and continued in the tenth edition (equiv- 
alent radio tubes). 


THE PHYSICS OF EXPERIMENTAL METHOD. 
By H. J. J. Braddick. John Wiley & Sons, Inc., 440 
Fourth Avenue, New York 16, N. Y., 1954. 404 pages, 
83/4 by 51/2 inches, bound. $7.00. Attention is 
directed to the branches of physics which are important 
in planning and executing experiments in physical 
research, with emphasis on principles and presently 
available techniques. Material is included on errors 
and the treatment of experimental results, on the design 
of apparatus from the mechanical standpoint, on ma- 
terials used in apparatus design, and on instruments 
and their uses in a wide variety of fields. 


HUMAN ENGINEERING GUIDE FOR EQUIP- 
MENT DESIGNERS. By Wesley E. Woodson. 
University of California Press, Berkeley 4, Calif., 1954. 
Various paging, 10'/2 X 8 inches, paper. $3.50. 
Provides practical, detailed recommendations for de- 
signing equipment (visual and aural indicators, controls, 
furniture, panels, etc.) and for designing working areas, 
taking into account lighting, temperature, ventilation, 
effects of noise and vibration, and other problems. 
Vision, hearing, body dimensions, and other human 
factors are separately treated in relation to equipment 
design. There are chapter references and a classified 
bibliography. 


MAGNETIC VARIOMETERS OF THE SCHMIDT 
TYPE. By J. McG. Bruckshaw. Hilger & Watts Ltd., 
Hilger Division, London, England, 1954. 115 pages, 
83/4 X 58/4 inches, bound. 22s. Describes the con- 
struction, maintenance, and use of the instruments of 
Hilger & Watts, Ltd. as an aid to adjustments and re- 
pairs by operators in the field. The magnetic method of 
geophysical prospecting is discussed briefly. 





Library Services 


NGINEERING Societies Library 

books may be borrowed by mail 
by AIEE members for a small han- 
dling charge. The library also pre- 
pares bibliographies, maintains search 
and photostat services and can provide 
microfilm copies of any item in its 
collection. Address inquiries to Ralph 
H. Phelps, Director, Engineering So- 
cieties Library, 29 West 39th St., 
New York 18, N. Y. 
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PAMPHLETS ececee 


The following recently issued pamphlets may be of. 
interest to readers of ‘Electrical Engineering.’ All 
inquiries should be addressed to the issuers, 


A Commutating Device for Transforming 
Shaft Position into Binary Digit Informa- 
tion. No. of Report, PB 111340. A “line 
contact” method of preventing bounce and 
establishing clean and reliable contact be- 
tween brushes and tracks is featured in this 
design of a 9-digit commutating device. 
Contact bounce is avoided by having the 
brush spring and contact formed from a 
single piece of precious-metal wire. Area of 
the sliding contact is kept small and the total 
brush pressure low. Photographs of the 
assembled commutator and disassembled 
components are included. 9 pages. $1.00. 
Available from Office of Technical Services, 
U. S. Department of Commercie (Commerce 
Building, Room 6227), Washington 25, D. C. 


Electrets. Better understanding of the 
electrical properties of carnauba wax elec- 
trets may lead to important applications of 
the material as the sensitive element in such 
electronic equipment as microphones and 
loud-speakers, and as “‘memory”’ devices in 
large-scale computing machinery. Basic re- 
search into dielectric properties is described 
in this report. Of primary interest is the 
ability of electrets to reverse their original 
charges and maintain the high final charge 
for several years. Discharge currents for 
electrets of varying thicknesses, construction 
and original charge are given in graphs and 
tables. Experimental techniques are dis- 
cussed and illustrated, including the prepa- 
ration of waxsamples. 116 pages. Microfilm 
$4.75. Photostat $15.00. The report is 
available from the Library of Congress, 
Publication Board Project, Washington 25, 
D. C. Code number of report is PB 112749. 


15 Home Lighting Ideas. The illuminat- 
ing Engineering Society has published a 
packet of home-lighting data sheets titled 
“15 Home Lighting Ideas’? for the use of 
anyone interested in lighting and decoration 
for residential interiors and of particular 
value to residence architects, interior decora- 
tors, and utility-company home-lighting spe- 
cialists. These data sheets show the latest 
lighting techniques for a wide variety of 
home areas, complete with construction and 
installation details. The sheets include 
photographs to show just how the completed 
job looks; line drawings and sketches with 
accurate measurements for custom-built in- 
stallations; and complete illumination data 
for those who want the best in lighting results. 
In keeping with modern home design, titles 
of the sheets include Lighting a Window- 
Wall; Lighting for a Built-In Sofa; Lighting 
a Lavatory and Powder Counter; A Re- 
modeled Kitchen with Soffit Lighting; 
and Lighting for a Laundry. Based upon 
the standards of the Illuminating Engineer- 
ing Society, the home lighting idea packet is 
the work of the Society’s Subcommittee on 
Residence Lighting Data Sheets. Single 
copies of the packet, $1.00. Write to Pub- 
lications Office, Illuminating Engineering 
Society, 1860 Broadway, New York 23, 
N. Y. 
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and benefit from all these other 


MK-40 advantages 


e Simplified, factory sealed blade operating 
mechanism which raises and twists the blade 
when opening. Develops maximum force 
where most needed. Blade is locked in both 
open and closed position. 

e These switches have the same simple basic 


design in all rated sizes: 7.5 kv to 380 kv, 
400 to 5000 amperes. 


e Greaseless non-rusting rotating insulator 
bearings. 

e Fully adjustable operating mechanism parts 
with pipe piercing set screws to eliminate 
slippage. 


? 


AK 


Rolled copper contact shoes carry the 
current independent of sturdy beryllium alloy 
pressure-applying springs. MK-40 Switches 
take full advantage of electrical and mechan- 
ical characteristics of materials used. 





identical contact at hinge end illus- 
trates large spring deflection. This maintains 
firm, uniferm contact pressure during years 
of service. There are no other springs or 
moving contact surfaces. Metals at point of 
contact are corresion and abrasion-resistant 
silver-to-copper. 


A vital feature of MK-40 switches is their contact 
efficiency. They provide safe, direct current flow with 
minimum of current interchange surfaces. They 
retain uniform contact pressure throughout years of 
service. They readily withstand year-round weather 
and corrosive atmospheric conditions. They permit 
visual inspection and easy maintenance. 

Contacts are high pressure silver-to-copper at both 
ends of the tubular blade. This logically, simply elim- 
inates flexible shunts. Silver-to-copper resists corro- 
sion and abrasion. Rolled or drawn sections, used 
throughout blade and contact assembly, are excellent 
heat conductors. They have ample volume to carry 
away heat generated under short circuits—for effi- 
ciency and safety. 

The same basic contact design is proved in service 
on all DELTA-STAR MK-40 Switches—from 400 to 
5000 amperes and from 7.5 to 380 kv. They will 
prove their special value to you. 


When you want the best in high voltage switches specify the MK-40 


—DELTA- STAR ELECTRIC DIVISION 


= 40 wOIstAia 


‘HKD H. K. PORTER COMPANY, INC. 


OF PITTSBURGH 
K. PORTER COMPANY, INC. 2437 Fulton Street 


Chicago 12, Illinois 


District Offices in Principal Cities 
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come, these strong, durable, 
TRANSITE 
DUCT 


“5 oad 
Ce oe 


Transite* meets every requirement of the 
ideal duct material. It is permanent, fireproof, 
corrosion resistant, strong, light in weight, 
smooth-bored, non-inductive, and has 

rapid heat dissipation. No protective 

coating is required. The 10-foot lengths 


are rapidly assembled. Transite will 


Available In Two Types: 
TRANSITE CONDUIT 


Thick walled, used for exposed work, or 
buried without concrete casement saves time, 
labor, materials. 


TRANSITE KORDUCT 


Thinner walled for installation in concrete. 
Used for high-voltage lines, its high _ 
conductivity cuts operating losses. 


> inhns thant 
> *Trade mark registered 


outlast other duct materials. Write for 
new, free brochure showing how J-M 
Transite Ducts can effect substantial 
savings in both installation and 
maintenance of cable subways. 

Address Johns-Manville, Box 60, 

New York 16, N. Y. In Canada, ; 
199 Bay St., Toronto 1, Ontario. Es, 





TMI MANVILLE 


JM 
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: Selector Switches 
i OTHER interlocks . 
363 KITS a Replacement Parts Easy-to-read catalogs, simplified motor control 
eT Contacts and overload relay selectors illustrated serv" 
use ice pulletins...these all combine to assure quick 
T Coils changes through easy parts identification. 
ort Overload Relays 
ag] Conveniently packaged and labeled conversion 
. ci parts are immediately available “off-the-shelf” 
eae from nationwide network of authorized SquareD 
+4 electrical distributors. 
2% bet Conveniently packaged parts can be installed 
i using only 4 screw driver and without disturb- 
ing any wiring: 
Write for Bulletin 9999. Address Square D Company, 
Milwaukee 12, Wisconsin. 
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At both the Waldorf-Astoria (con- 
vention headquarters) and Kingsbridge Armory, you'll 
attend what actually amounts to 22 conventions fused 
into one. Hundreds of scientific and engineering pa- 
pers will be presented during the many technical 
sessions, a large number of which are organized by 
IRE professional groups. You’ll meet with the indus- 
try’s leaders—enjoy the finest meeting and recrea- 
tional facilities in New York. 





Radio 
Engineering Show 


‘ At the Kingsbridge Armory and 






—— Kingsbridge Palace, you'll walk through 
ieeea 2 & 


— a vast panorama of over 700 exhibits, displaying the 
RR latest and the newest in radio-electronics. You'll talk 
“Tee shop with the industry’s top manufacturers—enjoy 


the conveniences provided for you in the world’s finest 
exhibition halls, easily reached by subway and special 
bus service. 








Admission by registration only. $1.00 for I R E mem- 
bers, $3.00 for non-members. Social events priced 





The Institute of Radio Engineers 
1 East 79 Street, New York 








7-704 


good reasons why 

you should attend 
the Radio 

Engineering Show 


Ad Hear... 


vital research and engineering papers 
on computers, transistors, celor TV, 
etc., subject-organized in 55 sessions. 


Watch... 


a computer balance a cane, making 
20 corrective moves a.second —at the 
IRE Show. 


Ad See... 


the exhibits of 69 components vital to 
successful Automation. Or compare 
21 different types of Transistors— 
and other subminiature components. 


/\ Check-up On... 


“1955 Instrumentation” shown on 
Instruments Avenue. Exhibit group- 
ing helps you see more on the 
Avenues named. 


Audio « Broadcast * Radar 
Transistor * Television 
Radio * Components * Microwave 
Airborne * Production 
Circuits * Computer ¢ Electronics 


Ad Meet... 


all your friends. 39,302 attended IRE 
in 1954. 





1947 - 12,043 
1948 - 14,459 
1949 - 15,710 
1950 - 17,689 
1951 - 22,919 
1952 - 28,673 
1953 - 35,642 
1954 - 39,302 











A Enjoy. oe 


The Convention’s Social Events. It is 
good to mingle with your industry 
friends at IRE. 


Ad Get the facts... 


faster and easier at exhibits and ses- 
sions than you could from weeks of 
your own “digging.” 


*Send for the 1954 Directory of 604 
Exhibitors and list of 100 new 
exhibitors. 
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ASeRaeaReess* 


CHECK THE ADVANTAGES OF THE 
TYPE WAN@AQ FOR DISTRIBUTION 
LINE SWITCHING 


Is it a profitable practice to use premium-type WAG Air Break 
Switches for distribution line switching? The answer is a 
resounding yes, if the experience of utilities throughout the 
nation is any criterion. A check of the advantages will tell 
you why: 


Complete Dependability—High contact pressure and wide contact 
deflection combined with heavy construction make the distribution 
level Type WAG particularly reliable under all service and climatic 
‘tions. Wi Sb te oe : iti 
OKLAHOMA—This photo shows Type conditions. With short circuit capacities on the increase, it is your 


WAG switches on standard switch best choice! 


frame, pole-top mounted. _ , 
*P P Trouble-Free Service—Shuntless construction, a simple system of 


controls, only three moving elements, and greaseless bronze ball 


STANDARD SWITCH FRAMES bearings add up to make the WAG virtually trouble free. Install 
OR STEEL CROSS ARMS it! Forget it! 


with standard controls are now available in Ease of Operation—A simple system of cranks and levers arranged 
stock for pole-top mounting of Type WAG to provide the most favorable mechanical action is the secret of its 
fasitititiaiteae® wise: Waid ta smooth, positive operation—even under a heavy coating of ice. 
formation on this inexpensive method of 
mounting, write direct to factory or ask 
your Southern States representative. The 
WAG is also designed for mounting on 
wood cross arms. 


The Type WAG is ideal for sectionalizing, disconnecting or 
by-passing. Get full facts from your Southern States repre- 
sentative, or write for Bulletin No. 390-R, and you'll specify 
Type WAG Switches for your distribution systems, too. 


® 
IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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COMPLETELY “RECHARGED”™! 











New 4th Edition of 


STORAGE 
BATTERIES 


A General Treatise on the Physics and 
Chemistry of Secondary Batteries and Their 
Engineering Applications 


By GEORGE WOOD VINAL 
formerly of the 
National Bureau of Standards } 


Reflecting the many technological advances in 
battery design and construction that have 
taken place in the past fourteen years, this new 
Fourth Edition has been almost entirely re- 
written to bring you completely up to date. 
All phases of storage battery operation are 
covered and all important industrial applica- 
tions are thoroughly described. 


As a result of this careful and extensive re- 
vision, Vinal'’s STORAGE BATTERIES con- 
tinues to be the unparalleled reference in its 
field—an authoritative source of battery data 
as well as a stimulus to fresh thinking for the 
electrical engineer. 


Includes NEW data on: 


improved lead alloys to withstand corrosion 
© increased use of lead-calcium alloys 


increased use of uncalcined high-metallic 
oxides 


intensive studies of expanders 

many new types of separators 

increased use of plastic containers 
SS of nickel-cadmium batteries in the 


new types of silver oxide cells 

applications of batteries to radio-relay sta- 
tions for long distance telephony 

® battery installations for Diesel starting on 
railway locomotives and for shipboard use 

introduction of 12- 
volt systems for 
automobiles 

24 and higher volt- 
age systems for 
airplanes 

and many other im- 


portant topics 


1955 446 pages 
Illustrated $10.00 





: oe Mail Now For Your On-Approval Copy -——+j 


| JOHN WILEY & SONS, Inc. 


440 Fourth Ave., New York 16, N. Y. 


| Please send me a copy of the new 4th Edition of Vinal's 
STORAGE BATTERIES, to examine on approval. Within 
ten days I will either return the book and owe you nothing 
| or will remit $10.00, plus postage. 


© SAVE POSTAGE! Check here if you ENCLOSE $10.00, 
in which case we will pay postage. Same return 


| 

| 

| privilege applies, of course. 
Lt 


| 
| 
| 
| 
| 
| 
" 
| 
"3 
| 
| 
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INDUSTRIAL NOTES .... 


Fairchild Personnel Changes. Frank 
G. Mullins, Jr., has joined the Fairchild 
Recording Equipment Company, White- 
stone, N. Y., as manager of engineering 
and special counsel. Mr. Mullins was 
formerly with the Electronic Division of 
Westinghouse Electric Corporation in 
Baltimore, Md., and is a graduate of the 
University of Alabama. 

Robert J. Marshall has been promoted 
from chief engineer to head the recently 
established New Product Development 
group. He will be responsible for analyz- 
ing new products under consideration for 
manufacture and sales. 


Honeywell Buys Boston Firm. Minne- 
apolis-Honeywell Regulator Company has 
purchased all of the outstanding capital 
stock of Doelcam Corporation of Boston, 
Mass., manufacturer of precision instru- 
ment and control equipment for aircraft 
and industry uses. The firm, which has 
a main plant and administrative offices in 
Boston and engineering laboratories in 
Newton, Mass., will be operated as a new 
division of Honeywell. There will be no 
change in the management, headed by 
John J. Wilson, president and founder 
of Doelcam. 


New Federal Pacific Plant. Federal 
Pacific Electric Company, Newark, N. J., 
has opened a new plant in Scranton, Pa., 
as headquarters for the company’s newly 
organized Eastern Switchgear Division. 
In addition to manufacture of low-voltage 
high-capacity switchgear and high-voltage 
switchgear, activities at the plant also 
include the manufacture of structures and 
other assorted equipment. The Eastern 
Switchgear Division is under the over-all 
supervision of E. A. Williams, recently 
appointed manager. 


Burndy’s New York Offices Move. 
Burndy Engineering Company, Inc., elec- 
tric connector manufacturers of Norwalk, 
Conn., announce the relocation of the 
New York sales office from the Bronx to 
20 East First Street, Mount Vernon, to 
serve better the district’s territory in New 
York City, Long Island, northern New 
Jersey, and up through the Glens Falls 
section of New York State. The new 
office is under the supervision of L. S. 
Berkley, manager, New York sales. 


Daystrom Expansion. Purchase of the 
assets of the American Gyro Corporation, 
Santa Monica, Calif., manufacturers of 
gyroscopes and miniaturized control equip- 
ment for guided missiles and aircraft, 
has been announced by Daystrom, Inc., 
of Elizabeth, N. J. Daystrom will conduct 
the company as a wholly owned subsidiary 
to be known as Daystrom Gyro Corpora- 
tion, and the gyroscope portion of the 
business will be run under the name of 
the American Gyro Division. The com- 
pany will be operated under its present 
management, with John W. Bamford 


continuing as president, and Robert B. 
Kees and Robert Bowditch as vice- 
presidents. Fred H. Schaberg, formerly 
chief accountant of Daystrom Instrument 
Division, has been named treasurer and 
assistant secretary. 


Cook Electric Appoints Burton. Cook 
Electric Company, Chicago, IIl., an- 
nounces the appointment of Charles 


Burton as manager of the Eastern Sales 
Division with offices in New York, N. Y. 
Mr. Burton was formerly assistant to the 
president of Federal Enterprises, Inc., 
Chicago. He is also consultant to the 
Federal Civil Defense Administration on 
air raid warning systems in prime target 
areas in the United States as well as at 
air stations, naval bases, and similar 
installations. 


Allis-Chalmers Announcements. Charles 
L. Crosby, manager of the Richmond dis- 
trict office of the Allis-Chalmers General 
Machinery Division, died December 8, 
1954. An electrical engineering graduate 
of the University of Wisconsin, Mr. Crosby 
joined Allis-Chalmers in 1923. He was 
appointed manager of the Richmond 
office in 1940, 

Donald B. Scott has been named engi- 
neer-in-charge of sales for the company’s 
induction heating group. He joined 
Allis-Chalmers in 1937 after receiving 
his electrical engineering degree from 
Purdue University. 


Vice-President for Nickel Cadmium. 
The Nickel Cadmium Battery Corpora- 
tion, Easthampton, Mass., has appointed 
Grenville B. Ellis as executive vice- 
president. Mr. Ellis is a graduate of 
Norwich University. During his early 
business career he was with the Westing- 
house Electric Corporation as electronics 
engineer, and from 1935 to 1940 was 
chief engineer of Control Instrument 
Company, Inc. (now owned by Burroughs 
Corporation). Since 1940 he has been 
chief of the Power Sources Branch, United 
States Signal Corps. 


NBS Appoints Dr. Lyons. Dr. Harold 
Lyons, formerly chief of the Microwave 
Standards Laboratory, has been named 
assistant chief for research of the Radio 
Standards Division of the National Bureau 
of Standards’ Laboratories at Boulder, 
Colo. He will direct research phases of 
the standards program, including develop- 
ment of improved transfer standards, 
methods of measurement, instruments and 
instrumentation techniques. Dr. Lyons 
received his bachelor’s degree from the 
University of Buffalo and his master’s and 
doctorate from the University of Michigan. 
He joined the staff of the Naval Research 
Laboratory in 1939 and came to the 
National Bureau of Standards in 1941. 


(Continued on page 28A) 
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with thanks the good wishes received during 
the celebration of our 100th anniversary. 
We have been privileged to form many 
lasting associations over the past century 
and hope to merit their continuance. 


Now, on the threshhold of a second century, 

we pledge a continuance of the same vigorous pioneering spirit 
that produced Kerite insulation and the many 

original developments which have protected its integrity 


and extended its application. 


KERITE CABLE 


THE KERITE COMPAN Y-—30 Church St., New York 7, N. Y. 
Offices also at 122 S. Michigan Ave., Chicago; 582 Market St., San Francisco; 
3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston 
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Another new development using 


B. F. Goodrich Chemical raw materials 


Photographs courtesy of 
University of Kansas City 
School of Dentistry 


— Che-u 


pape once thinking by authorities 
at a University School of Dentistry 
solved an old problem—how to enable 
groups of students to study oral opera- 
tions close up. 

Geon polyvinyl insulating materials 
play a strong part in this use of closed 
circuit television. A portable TV camera 
powered by Geon-jacketed cable focuses 
on the surgeons while they operate on 
the patient. Students see clearly every 
detail on the screen of a TV set. Others 
See it On a movie screen in another room. 

The manufacturer of the TV installa- 
tion specified Geon materials in this new 
teaching aid. The cable jacketing must 
be flexible, resist abrasion, because it is 


GEON RESINS e 


B. F. Goodrich Chemical 

Company does not make the equipment 
shown. We supply only the Geon 
polyvinyl material, 


by TV Eye 


yanked along the floor and around cor- 
ners. It must also be oil and grease proof, 
and resist the harmful action of many 
chemicals. The colored insulation on the 
conductors is also made of Geon, making 
it easy to find the right hook-up in case 
of trouble. 

Versatile Geon is at work in hundreds 
of industries from electrical to packaging 
—improving products, processes with 
its many advantages. New Geon appli- 
cations are coming to life every day, and 
the next one may well give a boost to 
operations in your own plant. Geon is 
available in many forms—for molding, 
extruding, dipping, spraying, coating, 
and other processes. To learn more about 


how Geon can fit into your own picture, 
please write Dept. BH-1, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. In Canada: Kitchener, 
Ontario. 


¥ . 
‘i, ‘om 
% © 
OF THE @. F. GOOORIC™ 


GOOD-RITE PLASTICIZERS ...the ideal team to make products easier, better and more saleable. 


GEON polyvinyl! materials e HYCAR American rubber and latex e GOOD-RITE chemicals and plasticizers e HARMON colors 
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WORLD'S LARGEST STOCK 








i . ba 
Sy. 
& 
RESISTORS 
Fixed and ‘ Dividoho ' 
adjustable wire-wound 
types, 10 to 200 watts. 
Also composition type. 











RHEOSTATS 


Ten stock sizes—25 to 
1000 watts. All ceramic 
and metai. 






What resistance components do you need in a hurry? 
From a factory stock of several million resistors, rheostats, 
and tap switches . . . in 1,859 types, sizes, and values... 
Ohmite can make fast delivery in reasonable quantities to 
meet your immediate requirements. 












Furthermore, by tailoring your specifications to these stock TAP SWITCHES 
items, you can always get speedy delivery that will help Rotary. type. Phen ties 
you keep experimental and pilot production operations on from 10 to. 100 amp, 
a smooth-running schedule. with from 2 to 12 taps. 






To assist engineers and purchasing agents in making 
their selection from this huge stock, Ohmite Stock Catalog 
No. 24 contains complete, up-to-date information on all 
Ohmite stock items. Resistance values, ratings, specifications, 
and other helpful information are included. 


NEED RELAYS? Write for Catalog R-10 SEND 


American Relay & Controls, Inc. FOR 


3653 Howard Street, Skokie, Ill. ...an OHMITE Subsidiary pring 












® 









i 





MANUFACTURING CO. 


3614 Howard St., Skokie, Ill. (Suburb of Chicage) 





Armco Announces 
2 New DI-MAX Grades 


Perhaps you have wanted to improve your products with 
lower core loss grades than M-19 but couldn't because of 
brittleness, surface roughness and lack of flatness in the 
lower core loss steels that were available. 

Armco now has an answer to your problem... 2 new 
grades in the M-15 and M-17 core loss ranges. Made by 
the time-proved DI-MAX process, they have higher ductility, 
smoother surface and greater freedom from buckles than 
conventional materials of the same core loss. 

The new grades, DI-MAX M-15 and M-17, are recom- 
mended for large industrial motors and generators, induc- 
tion regulators, television power transformers and other 
transformers using ‘‘E’’ and ‘‘l’’ or rectangular laminations. 

For complete information on these two new grades of 
butt-welded coils, just phone the nearest Armco Sales 
Office or write us at the address below. 








ARMCO STEEL CORPORATION nRMCO 


805 CURTIS STREET, MIDDLETOWN, OHIO 


SHEFFIELD STEEL DIVISION © ARMCO DRAINAGE & METAL PRODUCTS, INC.e THE ARMCO INTERNATIONAL CORPORATION 
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FOR TODAY'S MOST MODERN GRAIN ELEVATOR 
FEDERAL PACIFIC EQUIPMENT 
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At left; top: Federal Pacific Low impedance Bus Duct feeding 
from Distribution Switchboard. Bottom: Transformer top outlets 
with Service Duct to outdoor Switchgear .. . Electrical construc- 
tion by Fischbach & Moore, Inc., Victory Electric Works, New 
Orleans. General contractor, Fegles Construction Co., Inc., 
Minneapolis. Engineers, Jones-Hettelsater Co., Kansas City. 


THE RECENTLY COMPLETED New Orleans 
Public Grain Elevator has an extensive “hazardous 
location” electrical system for which Federal Pacific 
has supplied the distribution equipment. From the 
outdoor substation, Federal Pacific Service Duct 
carries electric energy into the main building where 
Low Impedance Duct feeds six distribution center 
electric rooms on different levels. Throughout the 
main building, silo storage section, conveyor belt 
ramps and the handling and ship-loading equipment 
in buildings along the dock, Federal Pacific Switch- 
gear and Safety Switches help facilitate the handling 
of an average of seven million bushels of grain 
per month. 


Federal Pacific electrical equipment for light and 
power is today’s top specification. Most of this 
equipment is economically assembled from standard 
units ...and it is designed and engineered for easy 
installation, complete efficiency and ready adapta- 
bility for future changes. 


Submit your electrical distribution problems to 
Federal Pacific for study and suggestions. Write 
Federal Pacific Electric Company, 50 Paris Street, 
Newark 1, New Jersey. 


FEDERAL PACIFIC ELECTRIC CO. 


FORMERLY — FEDERAL ELECTRIC PRODUCTS COMPANY AND PACIFIC ELECTRIC MANUFACTURING CORP 








n Office 90 PARIS STREET. NEWARK 1, N. J 


~ Federal Pacific products: Stab-lok Circuit Breakers, Motor Controls, Safety Switches, Service Equipment, Industrial Circuit Breakers, Panelboards, 
Switchboards, Control Centers, Bus Duct, High voltage circuit breakers and power switches % Sales offices in. principal cities. 
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RASA ST oO 


Operating efficiency increased. 


Operating costs reduced. 


we 


Provides these communications facilities: 


Me SX 


> 


4 separate telephone circuits for business, disp ‘ 
confidential and stockholder use. 


a 


Provides these control functians from Kansas 
Control Center: 


a 


MP XA. MTS OG 
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Reading of tank levels, pressure, flow of oil. 
Opening and closing of line valves. 


a 
+, 
XL 


Start and stop main line pumps. 
Station shutdown. 
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—— MICROWAVE PATH 


ROUTE OF THE PLATTE PIPE LINE MICROWAVE SYSTEM 
— PIPE LINE PATH 
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Platte microwave repeater station at Midway, Wyoming. 











boosts Platte Pipe Line efficiency ! 


The Philco microwave system of the Platte Pipe Line 
Company—the largest and most comprehensive installa- 
tion of its kind—demonstrates the economic advantages 
of microwave better than any other pipe line microwave 
system in the nation. Here is what A. R. Heidebrecht, 
Chief Engineer of Platte, has to say about the system: 
“Our decision to use microwave was greatly influenced 
by the number of pipe line control functions which 
could be accomplished remotely and automatically. 
Operation to date has proved very successful; in fact, 
during the short time this system has been in use, the 





efficiency of our pipe line operation has been substan- 
tially increased.” 


Perhaps microwave can lower operating costs and 
boost the efficiency of your plant. Philco maintains a 
staff of experienced field and system engineers who can 
help plan and install your microwave system. Get infor- 
mation on the many leading Philco microwave installa- 
tions in use today. Write to Philco, Dept. EE. 


pipe line. 


“a 3 aA | 8 8 Be Microwave operates valves along the 


Pipe line pump station operated by 
microwave. 


Platte Pipe Line control center at Kansas City. 


PHILCO—WORLD’S LEADING MANUFACTURER OF MICROWAVE 


OVER N ME NT A N.D PHILADELPHIA 44, 


NDUSTRIAL DIVISION . PENNSYLVANIA 


In Canada: Philco Corporation of Canada Limited, Don Mills, Ontario 








“UP IN THE AIR” 


on plant expansion 


when existing 


circuits are 


loaded 


ROCKG (N.E.C, TYPE AVA) 


WIRE AND CABLE 
is your solution 





How to get added electrical capacity to place your present wire and cable with 

take care of needed additional plant Rockbestos A.V.C. 

facilities has many a production man 

“up in the air”. Specialist give you the complete story? 
A good solution for increasing your Phone or write the nearest branch office, 


current capacity 30 to 50% is to re- today. 


STOCKED 
COAST TO COAST 


ROCKBESTOS pPrRopuctTs CORP. Sronderd Rockbostes 
NEW HAVEN 4, CONNECTICUT et ee Sey See 
NEW YORK » CLEVELAND « DETROIT « CHICAGO Foy mons llamas ona 


PITTSBURGH « ST. LOUIS « LOS ANGELES « NEW ORLEANS 








OAKLAND, CALIFORNIA ¢ SEATTLE 
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DOW CORNING 
SILICONES 


one class H 
motor saves 
‘44,000 

in 
downtime 
costs 


10 hp Class H conveyor motor lasts over 36 times as long as 
25 hp Class A; savings to date in downtime costs, $44,000. 


A screw conveyor carrying dry stucco mix in the 
Kaiser Gypsum Company plant at Long Beach, 
California, was originally driven by a 25 hp 
Class A insulated motor. Damp material acciden- 
tally placed in the conveyor overloaded the motor 
causing burn-outs and work stoppages. With 
production shutdowns costing about $700 an hour, 
every effort was made to prevent over-loading, 
but the motor still failed every 30 to 60 days. 


In December 1948, the Class A motor was re- 
placed with a 10 hp Silicone (Class H) insulated 
unit. Although the silicone insulated motor has 
less than 50% of the name plate rating of the 


You can also reduce to a 
minimum motor outages 
due to bearing failure 
by using Dow Corning 
44 Grease 


In open and single ; 

shielded bearings DOW CORNING 
designed for high aman 
ature operation, Dow 

Corning 44 has 8 to 10 CORPORATION 
times the life expectancy 
of conventional greases. 
It gives life-time lubrication 

in permanently sealed MIDLAND, MICHIGAN 
bearings. 


ATLANTA @ CHICAGO © CLEVELAND @ DALLAS © DETROIT ¢ LOS ANGELES © NEW YORK © WASHINGTON, D. 


Class A motor, it is still operating after 6 years 
of service without a single failure. At a conserva- 
tive estimate, the saving in downtime costs alone 
is over $44,000. 


That's typical of the performance of silicone 
insulated electrical equipment under tough oper- 
ating conditions in every industry; over-load 
capacity increased by as much as 50%; service 
life increased at least 10 times; production and 
maintenance costs reduced to permit a better 
profit margin. Top management, production and 
maintenance engineers are demanding more and 
more Class H insulated motors, transformers and 
solenoids, because they cost less in the long run. 


Dow Corning Corporation, Dept. 4102, Midland, Michigan 
Please send me 


© More performance data on Class H 

© List of Class H rewind shops 

© List of Class H Motor and 0 Class H Transformer Manufacturers 
0 “Tall Tales and Fabulous Facts” about silicone products 


Name Title 





Company 
Address 








City Le ee State 








Canada: Dow Corning Silicones Ltd., Toronto @ England 


oe 


Midland Sili Ltd., London @ France: St. Gobain, Paris (SILVER SPRING, MD.) 
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(Continued from page 18A) 


These Features oe > 
Westinghouse Electric Corporation, East 

Pittsburgh, Pa., has announced the forma- 
tion of a new products engineering de- 

Make The Difference [oo .™ w# 
Brandt, formerly manager of special 

preducts development. Work of the new 
department will be closely co-ordinated 
with that of the company’s research 


laboratories and the materials engineering 
department. 


Hubbard Expansion Program. Hubbard 
and Company, manufacturers of pole line 
hardware, has completed a $1,500,000 
expansion and modernization program at 
its three major plants—in Oakland, Calif., 
Chicago, IIl., and Pittsburgh, Pa. The 
Pacific branch has added 40,000 square 
feet of floor space including a new building 
for galvanizing operations and additional 
room for storage of raw materials and 
assembly operations. Chicago operations, 
in nearby Cicero, have been expanded 
through addition of a new warehouse and 
loading dock, while space formerly used 
for warehousing is being utilized for an 
improved research and engineering labora- 
tory. In Pittsburgh, the program includes 
warehousing and shipping improvements, 
layout and equipment changes in pole 
line hardware manufacturing operations, 
machine shop modernization in the tool 
division, and installation of new finishing 
and materials handling equipment in the 
aluminum products plant. 


General Electric Notes. The General 
Electric Company will establish a new 
electron tube development laboratory to 
be located near Stanford University in 
the industrial and technical center being 
developed by the university within the 
city limits of Palo Alto, Calif. Work at 
the laboratory will be concentrated on 
developing and exploring the application 
of microwave electron tubes. Personnel 
will work closely with Stanford’s Elec- 
tronics Research and Microwave Labora- 





Low resistance electrical connections that stay low even 


after years of service, eliminate needless heat generation tories. Manager of the new laboratory 
and extend rectifier life. Check these features: will be H. R. Oldfield, Jr., former manager 

of the General Electric Advanced Elec- 
1 Soldered copper bus bars. tronics Center at Cornell University. 


Plans to center complete engineering, as 
2 Dual collector elements at each plate. veslliam Wiidebilatieilaie. cell Ueaemedaen’s 


3 Special insulators that do not compress with age and germanium rectifiers and diodes at. the 

] bli Clyde, N. Y., plant have been announced. 
Cause 1008e assemnues. Raymond A. York has been named as 
Let us consider your power conversion problems or re- manager of germanium diode and rectifier 


quirements. Write, wire or phone (Bloomington 2-1435). - Teagiu Whecirti Wik id sdadiaised 


company-wide purchasing training course 
as a step toward manpower development 
to meet the anticipated growth in the 
electrical industry. James A. McAleer, 
manager of purchasing research services, 
will co-ordinate the program with Douglas 
V. Smith as specialist in charge of purchas- 
ing training. 

In the Carboloy department of General 
Electric at Detroit, Mich., Robert A. 
Canning, former manager of production 
engineering, has been named manager of 
quality control. He is a graduate of the 
Massachusetts Institute of Technology. 





In Canada: 700 Weston Rd., Toronto 9, Tel. Murray 7535 
Export: Ad Auriema, Inc., New York City (Continued on page 34A) 
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Favorite of Engineers Everywhere... 


nt OR 
a 
THE FAMOUS ollon-Sircith “SUBWAY SWITCHES” 


Roller-Smith ‘‘Subway Switches’’—so-called because 
they are used in many kinds of underground electrical 
distribution systems—deliver outstanding performance 
for several important reasons. 

Draw-out construction permits the switching mech- 
anism and tank to be removed or replaced without 
disconnecting the load cables. This assures safety in 
servicing because an interlock prevents removal or 
insertion of switching mechanism with switch in the 


‘‘closed’’ position. All switches will safely interrupt 
twice their current rating. Construction is water-tight 
and switches may be operated even though submerged. 
An electrically-operated model (MS-1A) is available in 
weather- proof construction for pole or bracket mount- 
ing. ‘‘Subway Switch’’ Model MS-1 is rated 400 amperes, 
4160 volts. Model MS-5 is rated 600 amperes, 13,800 volts. 
“‘Subway Switches”’ offer the same high quality, long 
life, and assured continuity of service that characterize 
the many other Roller-Smith products serving the 


T | ON 
ELECTRICAL SWITCHGEAR 


cOR POR A 
BETHLEHEM, PENNSYLVANIA 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES—CANADIAN AND FOREIGN 
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——~"——s- You can 


depend on 


SD TYPE RSE RUGGEDIZED 
MINIATURE 
POWER RESISTORS 


Designed for trouble-free performance under the 
most exacting conditions of shock and vibration. 





Completely welded from terminal to terminal, sealed 
in silicone and housed in metal tubing. (Suggested 
mounting clip: Atlas E-E Corp.) Impervious to 
moisture, salt ions, vapor and gases. 


ptr tae 
Cr ret 


Three wattage ranges: RSE-2, 2 watts; 
RSE-5, 5 watts; RSE-10, 10 watts. 


e Temperature coefficient 0. 00002 /Deg. C 
e Ranges from 0.1 ohm to 55,000 ohms depending on type 
e Tolerances 0.05%, 0.1%, 0.25%, 0.5%, 1%, 3%, 5% 


Conform to Applicable JAN and MIL Specifications 


WRITE FOR BULLETIN No. R-25 ¢ bnsiitienh. 


DALE PRODUCTS, Inc. Pen-Mar Cor. 


1270 Broadway, 
1312 28th AVE., PHONE 2139 New York 1, N.Y. 
COLUMBUS, NEBRASKA, U.S.A. 











WS PHASE METER 


== 0.3 VOLT SENSITIVITY 


TYPE 405 


@ 8 CPS TO 100 KC WITH 0.25° RELA. 
TIVE ACCURACY 


@ NO AMBIGUITY FOR MEASURING 
ZERO DEGREES 


@ METER etre EPernane OF 
po apn AMPLITU! 


e AMPLITUDE ADIUSTMENT, NO 
FERS ADJUSTMENT 


SPECIFICATIONS = 
PHASE RANGE: 0-36°, 0-90°, 0-180°, 
or 180-216°, 180-270°, 180-360°. 
ACCURACY: 34° Rel.—1° Abs. 


INPUT IMPEDANCE: 1 magehe shunted 
with 20 uuf on both input channels. 


INPUT AMPLITUDE: Phase reading inde- 
pendent of input emplitudes from 0.3 volt to 
75 volts, amplitude ratio of two signals from 
1 to 250 does not affect phase reading. 


PRICE $485.00 
WRITE FOR DATAI 


ADVANCE ELECTRONICS CO., Inc. 


451 HIGHLAND AVE. == PASSAIC, N. J. 








C9 
CONNECTORS 


60, 100 & 200 AMPS 


VT 6 SIZES 
FUSE usin 


SS SIZES AND TYPES 


500 MCM 


WRITE FOR 80-PAGE CATALOG 


Tels) 5743 RU AVE.. CINCINNATI 27, OHIO 
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MEASUREMENT 


of 
& FIELD INTENSITY 
ABOVE 300 MC 
from R-F Industrial, Scientific, 
and Medical Equipments 
No. 950 


This recommended practice 
gives information on methods 
of measurement, antenna de- 
sign, and equipments used in 
making field intensity meas- 
urements after study of the 
problems resulting from the 
FCC rules relating to the 
operation of this type of 
equipment. Price: $0.80; 
50 per cent discount to mem- 
bers of the AIEE. 


Address: Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 


New York 18, N. Y. 
2-55 
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Flecept this invitation from 


LOCKE 


to see how 


Apparatus Bushings are made 





LOCKE DEPARTMENT 
GENERAL ELECTRIC COMPANY 
BALTIMORE, MARYLAND 


FEBRUARY 1955 Please mention ELECTRICAL ENGINEERING when writing to advertisers 











Now...66% longer 














200 
$e NOTE THAT NEW U. S. ROYAL UU. Ss. ROYAL 
MASTER OUTLIVES THE AVERAGE 
MOLDED CORD ALMOST 2 TO 1 
160 AND THE AVERAGE SHORT-LIVED = eae Keaditad 
pence seriou Chart—summarizing individual 
>» ios CORD 3 TO 1. service factors weighted by their 
4 contribution to overall service life 
a 
so 180 — shows new U. S. Royal Master 
x 100 Cord gives 88% longer life than 
Ww Se 
the average of competitive molded 
Ww 
u 80 cords. 
“a 
°o 
Pe 60 
40 
CN. 
20 




















Superior on every count!” 
@ 33.3% greater heat resistance 
@ 55.7% greater impact strength 
@ 53.8% greater abrasion resistance 
@ 30.6% greater resistance to cutting 
@ 110.3% greater resistance to tearing 
@ 21.2% greater tension or breaking strength 
@ 23.3% greater oil resistance 
@ 128.8% greater flexibility 


*to the average of molded cords of other makes 


UNITED STATES 


ELECTRICAL WIRE AND CABLE DEPARTMENT 
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cord life—with NEW 
MASTER portable cord! 


Far outlasts any other cord made! 


Service to cost ratings show new U. S. Royal Master Cord 
actually gives $1.88 in value for every cord dollar when 
compared to the average competitive molded cord! 


Two years ago, “U. S.” engineers began a com- 
plete reexamination of portable cord construc- 
tion, service life, and the causes of cord failure. 


Over 10,000 tests were made. More than a 
thousand cords of all leading makes, including 
our own famous U. S. Royal Cord, were ana- 
lyzed, tested, and compared. 


Every life factor was considered and carefully 
evaluated, alone and in its relation to overall 
cord performance and service life. 


Backed by 64 years of experience in the manu- 
facture of electrical wire and cable, U. S. Rubber 
engineers then translated their findings into an 
entirely new portable cord, designed to surpass 
any other previously made. 


Extensive tests, both in the laboratory and in 


outside plant installations have proved this new 
portable cord startlingly superior in every respect! 


New U. S. Royal Master is unquestionably 
the finest cord you can buy! 


From every standpoint, new U. S. Royal Master 
is a finer, more durable cord— actually gives 
88% longer life than the average of other molded 
cords — far longer than any other cord — sur- 
passing even a hypothetical cord incorporating 
the best features of all those tested! 


Far greater value, tool[n spite of almost doubled 
service life, this great new cord is in the same 
price category as other molded cords—giving you 
$1.88 in cord value for every cord $1.00! 


Prove to yourself the outstanding superiority of new U. S. 
Royal Master Portable Cord—in both service life and 
economy! Write address below for FREE descriptive book- 
let illustrating the superiority of the U. S. Royal Master 
Cord. And get in touch with your “U. S.” distributor today! 


Approved by Underwriters’ Laboratories, Inc. 


RUBBER COMPANY 


ROCKEFELLER CENTER, 


NEW YORK 20, N. Y. 
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. « Ultra High Frequencies 


puit - TURN ~ PUSH 
cm 


ae 


RADIO INTERFERENCE 
and FIELD INTENSITY * 


measuring equipment 


Stoddart NM-50A + 375mc to 1000me_ 


Commercial Equivalent of AN/URM-17 


* 


ULTRA-HIGH FREQUENCY OPERATION ... Frequencies covered include UHF and 


color television assignments and Citizen’s Band. Used by TV transmitter engineers for 
plotting antenna patterns, adjusting transmitters and measuring spurious radiation. 


RECEIVING APPLICATIONS ... Excellent for measuring local oscillator radiation, 


interference location, field intensity measurements for fringe reception conditions. a 


and antenna adjustment and design. 


SLIDE-BACK CIRCUIT... This circuit enables the meter to measure the effect of he 
peak value of an interfering pulse, taking into account the shaping due to bandwidth. 


QUASI-PEAK FUNCTION ... An aid in measuring pulse-type interference, the Quasi- 


Peak function is just one of the many features of this specially designed, rugged i 


unit, representing the ultimate in UHF radio interference-field intensity equipment. | 


ACCURATE CALIBRATION ... Competent engineers “hand calibrate’ each Paced 4 


unit, This data is presented i in simplified chart form for easy reference. 


SENSITIVITY... Published sensitivity figures are based on the use of the NM-50A 
with a simple dipole antenna or RF probe. However, the sensitivity of this fine instru- 
ment is limited only by the antenna used. The sensitivity of the NM-50A is paler than 
ten microvolts across the 50 ohm input. 


Stoddart RI-FI* Meters cover the frequency range 14kc to 100 


' *WLE (HE NM-208, 150ke 10 25m =|: WHE 
NM-10A, 14kc to 250kc 


Sommeria Equivalent of | NM-30A, 20m to 
Commercial Equivalent of N/PRM-TA, pais tnavesned Commercial £ 


oman AC. 1 
a URM-6B. Very low frequen- fac depo y y 


STODDART AIRCRAFT RADIO Co., Inc. 


6644-B Santa Monica Blvd., Hollywood 38, California ¢ Hollywood 4-9294 
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Two engineers have been added to the 
newly formed vacuum-melted alloys section 
of the department. They are Donald K. 
Miner, formerly a jet-engine materials 
engineer with the company’s Evendale, 
Ohio, Aircraft Gas Turbine Division, and 
J. David Benedict, who transferred from 
the department’s permanent magnetic 
operations, 


Allen-Bradley Assignments. D. S. W. 
Kelly, electronic component engineer for 
Allen-Bradley Company, Milwaukee, Wis., 
is now in charge of preparation of the 
company’s electronic data and publica- 
tions under the direction of William W. 
Garstang, chief engineer of the Radio 
Division. George Vater, looking after 
radio sales at headquarters, will be as- 
sisted by Lanier Gray, who for many years 
was connected with the Signal Corps in 
Washington, D. C. 


Martin Enters Nuclear Field. Martin 
Aircraft, Baltimore, Md., has established 
a separate Nuclear Division for the de- 
velopment of nuclear reactors and related 
components for military, industrial, and 
commercial use. Tibor F. Nagey, formerly 
with the National Advisory Committee 
for Aeronautics (NACA), is manager of 
the new division. Dr. Robert Spooner, 
former head of the thermodynamic analysis 
section at the NACA Lewis Flight Pro- 
pulsion Laboratory, has been named 
manager of nuclear research and develop- 
ment. James Dunlop, recently Martin 
manufacturing manager of electronics 
products, has been named manager of 
nuclear manufacturing. William A. Max- 
well, metallurgist, heads nuclear pro- 
duction engineering. Howard F. Dunlap, 
Martin Army sales representative, has 
been appointed manager of nuclear 
products development. Russell L. Hop- 
ping, who served as design engineer for 
guided missile warheads, is in charge of 
marketing research, 


New Leeds and Northrup Plant. Leeds 
and Northrup Company, Philadelphia, 
Pa., has awarded the first portion of the 
general contract for construction of its 
new plant, adjoining North Wales, Pa., 
to Baton Construction Company, Phila- 
delphia. The plant will produce the 
various types and models of Speedomax 
controllers, recorders, and indicators, to- 
gether with panels and cubicles for certain 
applications, and possible other products. 


IBM Assignments. International Busi- 
ness Machines Corporation has announced 
the appointments of John H. Matthews as 
manager of programs and_ schedules, 
William M. Hoyt, Jr., as manager of per- 
sonnel for engineering, and Douglas G. 
Knight as manager of methods and 
services. All three posts are in the office 
of the director of laboratory operations at 
the company’s headquarters in New York, 
N. Y. Mr. Matthews was formerly 
assistant to the IBM laboratory adminis- 


(Continued on page 36A) 
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And Now... 


RCA Announces the 
FIRST Low-Cost 






- with Voice Channels 


Proven throughout the nation and to-point communications problems. 
the world, RCA 960 megacycle 
Microwave is now available in a 
low-cost “package” unit, MM-9, as 
a complete station. 






RCA Microwave uses highly direc- 
tional radiosignals which are beamed 
from one relay station to the next 
by “dish” antennas. It can be inter- 

















Important savings include: connected with existing telephone 
¢ Minimum real estate requirements lines and switchboards and virtually 
e No tower construction eliminates the weather hazards of 
e Easy economical installation carrier and wire lines. RCA 
¢ Minimum maintenance Microwave employs readily avail- 
e Unattended reliable operation able tubes and familiar circuits 
: . : which are easy to service. The RCA 
When mounted on inexpensive sup- Service Company provides nation- 
ports, such as wooden poles, up to wide installation and service facili- 
100 feet high, or on existing struc- _— ties if desired 
tures, which can be spaced 20 or more bye i 
miles apart, the MM-9 Microwave For complete information on the 
“package” units provide an ideal new MM-9 Packaged Microwave 






low-cost solution to many point- Stations, send coupon, below. 









Typical Uses of MM-9 Packaged Microwave: 


Gas Utilities 
1. Telephone Circuits Electric Utilities 
2. Supervisory Control Pipelines 


3. Remote VHF Control f FOR State Agencies 








4. Facsimile Municipal Systems 
5. Teletype Police Departments 
Transportation Systems 






















Showing hinged rack construction, with all components easily accessible for servicing 
Standard “‘package’’ equipment includes weather-proof cabinet, 2 parabolic reflectors, 
960 megacycle transmitter unit, exciter unit, 960 megacycle receiver. Also 2 100-ft 
sections of semi-flexible transmission lines with all required fittings. Space is avail- 
able for multiplex equipment to provide two voice channels with signaling. Addi- 
tional multiplex equipment can be mounted in a similar cabinet 





we 





Radio Corporation of America, Camden, N. J. 

Dept. N-42, Building 15-1 

In Canada, RCA VICTOR Company Limited, Montreal 

Please send me your new booklet, ‘““RCA Low-Cost Packaged Microwave 

















Stations.” 
RADIO CORPORATION NAME TITLE 
of AMERICA peri 
ADDRESS 
COMMUNICATIONS EQUIPMENT CITY ZONE STATE = 





CAMDEN, N. J. () Have an RCA representative get in touch with me. 
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ELECTRONS, IN 
I 


CORPORATED 
27 SUSSEX AVENUE 


NEWARK 3, N. J. 


Elythons' prfirred modern gat filled thyrallons ate 


the frst choice of leading wleclionia rguipmentl disigntrs 


(Continued from page 34A) 


trator at Endicott, N. Y., Mr. Hoyt was 
administrator of engineering recruitment, 
and Mr. Knight was formerly head of the 
management procedures group in the office 
of the laboratory administrator at Pough- 
keepsie, N. Y. Also announced was the 
promotion of James H. Potter to develop- 
ment engineer at the company’s Endicott 
Engineering Laboratory. 


NEW PRODUCTS ee 


Silicone Varnish. A modified silicone 
dipping and impregnating varnish has 
been developed by Dow Corning Corpora- 
tion, Midland, Mich., which substantially 
increases the durability of electric equip- 
ment insulated with class B components. 
Identified as Sylkyd 7400 Varnish, it com- 
bines good heat stability with excellent 
bond strength and outstanding resistance 
to mositure, oil, and solvents, and is partic- 
ularly adaptable to railroad traction motors 
and other heavy-duty equipment which 
carry frequent overloads and must be 
cleaned periodically for inspection and 
performance checking. Samples and fur- 
ther information are available on request 
to the company. 


Small Compact Solenoid. A_ recently 
developed small and compact solenoid is 
now available in quantity for small equip- 
ment and components. The new solenoid, 
which is especially adapted to rugged duty, 
will operate in any position and is regularly 
furnished for both constant and intermittent 
duty, 115-volt 60-cycle alternating current. 
Blade terminals are standard, with flexible 
leads optional. For further information, 
contact Dormeyer Industries, Department 
EGN, 3418 North Milwaukee Avenue, 
Chicago 41, Ill. 


Station Post Insulators. Lapp Insulator 
Company, Inc., LeRoy, N. Y., announces 
three new 161-kv Station Post Insulators, 
standard strength, with 1,200 pounds 
cantilever rating, high strength at 1,700 
pounds, and extrahigh strength rated at 
3,500 pounds. These posts are made of 
two pieces of porcelain rather than the 
three used previously. Regular hex head 
bolts replace the Allen head screws formerly 
used, and four of them assemble a stack in- 
stead of the 32 previously required. 
Elimination of joints increases stiffness and 
improves margins of safety over ratings. 
Less deflection under load assures better 
operation of switches and other equipment. 


Portable Air Cleaner. A small, portable 
air cleaner developed by the Raytheon 
Manufacturing Company, Waltham, Mass., 
removes approximately 99 per cent of all 
smoke, dust, pollen, and even some types of 
bacteria from the air in a room. The 
*‘Micronaire” cleaner is an electrostatic 
precipitator which traps all air-borne 


( Continued on page 44A) 
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America’s Finest Suspensions... 


Paci aabhaieat-Yo Oe avo} ael-¥ F-b hat 


VICTOR No. 900 
SUSPENSION 








SPECIFICATIONS 


Type.seess 

60 cycle Dry Flashover 
60 cycle Wet Flashover 
Pos. impulse Flashover* 
Neg. Impulse Flashover* 
Dry Arcing Distance 


Leakage Distance 

M and E Strength 15,000 Ibs. 

Impact Rating. ....eeeeseeees 55 Ibs. 
50 Microvolts 


*Crest KV. 12 x 40 microsecond wave Critical Value 


ed the area of its ceramic lab- 
tory affords Victor better, more 


i i ualit 
ies for testing raw materials, controlling q y 
: . . 3 

nd carrying on basic cera 


by Victor's expan 


as more than doubl 


Victor h enlarged labora 


oratory. The 
modern facilit 
of production a 
made necessary 
under way- 
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ding research program now 


Every VICTOR Suspension insulator is the result 

of sound design, superior craftsmanship and VICTOR 
Purified Porcelain—finest insulator porcelain 

ever made! That’s why they have improved thermal 
resistance, better mechanical and electrical 
characteristics and greater resistance to impact. 
Thanks to VICTOR’s unique “know-how,” 


you just can’t buy a better suspension! 
I 


For the full facts on Victor “Know-how,” 

write for ““The Story of Victor and 

Purified Porcelain.” For engineering data on all 
Victor insulators, write for Bulletin No. 4. 


FEATURES 
1. Higher mechanical strength 


. Greater resistance to thermal variations 


. Unequalled uniformity of mechanical and electrical values 


. Specially compounded cement for maximum strength 


2 
3 
4. Unequalled resistance to impact 
5 
6 


. Caps and pins scientifically designed to withstand pull far 
above NEMA specifications 


. All metal parts hot-dipped galvanized for maximum 
resistance to weathering and corrosion 


. Special “cushion” coatings at all joining surfaces 


SPECIFY 


| sab haihal-YoM ates aet-3i-bhal 


Suspensions! 


VICTOR INSULATORS, INC VICTOR, N.Y 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 





Please mention ELECTRICAL ENGINEERING when writing to advertisers FEBRUARY 1955 




























Ava 
At Dike 
- _ 2 
™ 7-6/7 Vee 


'‘Peme Po. 





AMP’s constant efforts to improve power 
~ ~ equipment by working with both the manufacturers and 

C 0 fl tl fl U j fl the people responsible for its maintenance 
have led to such developments as AMP Solistrand ter- 

minals and connectors and Dyna-Crimp tool- 


ing. Solistrand terminals and connectors are available 
for wires sizes 22 to 600 M Circular Mils for 


ro fa nN solid, stranded and irregular shapes conductors. Soli- 
8 8 8! strand terminals have revolutionized the wire 


termination methods of transformers, generators and 
switch gear by doing away with brazing, 
welding, wrapping and soldering and providing high 
tensile strength connections that are easy to 
make and are extremely resistant to vibration and 
corrosion. 

Solistrand terminals and Dyna-Crimp tools are proof 
that AMP can and does meet the special 
requirements of the power industry. 


AMP Trade-Mark Reg. U. S. Pat. Off. © AMP 











Send today for your copy of our 
brochure AMP’s Creative Approach 
to Better Wiring 








AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada 
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SIE 


MR-4 MAGNETIC RECORDER 


e FOR LOW-FREQUENCY APPLICATIONS 
e IN MOBILE OR LABORATORY USE 


The SIE MR-4 Magnetic Recorder provides 28 channels for 
FM recording of low-frequency phenomena from DC to 500 
cycles-per-second. 

Unique design features, including the SIE Slope Modu- 
lator and Length-Time Servo System, result in superior signal- 
to-noise ratio and timing accuracy characteristics. 

SIE’s field-proven experience in heavy-duty construction 
techniques offers assurance of operating reliability under all 
conditions. Plug-in units and unitized chassis provide ease of 
maintenance. Advanced circuitry eliminates critical adjust- 
ments and complex operating procedures. 


CHANNELS: 28 
FREQUENCY RESPONSE: DC to 500 cps. 


SIGNAL-TO-NOISE RATIO: In excess of 60 db to 100 cps. Better than 
54 db at frequencies above 100 cps. 


DISTORTION: Less than 1% at any frequency. 
REPRODUCIBLE ACCURACY: Within .0005 seconds-per-second. 


POWER REQUIREMENTS: 12 Volts DC. 25 amperes standby, 47 amperes 
recording. 





= 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
P.O. Box 13058 2831 Post Oak Rd. 











Houston 19, Texas 


REPRESENTATIVES THROUGHOUT THE WORLD 
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~ 
§ ote-m-pole 
©, 

First used in Navy electronic gear, 
Tote-m-poles are invaluable for 
“bug-resistant” wiring of models 
and production units. Advantages: 
Short leads; high component density; 
improved ventilation. 


Tote-m-pole supporting 
“T" network of 5 resis- 
tors and 4 capacitors. 


CUSTOM COMPONENTS DIV.* 
SANGAMO ELECTRIC COMPANY 
SPRINGFIELD, ILLINOIS 


“H. V. Power Supplies « Inductive Components 
Servo instruments « Low-X Resistors 


American Standard 
for 


POOL CATHODE 
MERCURY-ARC POWER 
CONVERTERS 


Sponsored and published by 
AIEE, this standard (C34.1- 
1949), applies to all types of 
mercury-arc power convert- 
ers, employing rectifying de- 
vices with mercury pool 
cathodes and used for power 
conversion purposes, includ- 
ing mercury-arc power recti- 
fiers and inverters, electronic 
frequency changers and con- 
verters used with electronic 
motors when these equip- 
ments employ mercury-arc 
rectifying devices with pool 
cathodes. Price: $1.20; 50 
per cent discount to mem- 


bers. Address: 


AIEE ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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UNUSUAL 
BRANCH CONNECTOR © 
Saves Manhole Wall Space 


With all the remarkable synthetic 
fibers appearing on the market, a 
lot of new plants are going up to 
manufacture them. One of the big- 
gest plants ordered 28,000 feet of 
Okolite-Okoprene cable for its un- 
derground primary distribution 
system. 


One of the interesting features 
of this big installation was their 
method of saving manhole wall 
space—an important consideration 
in all underground work. Since the 
cable was about 2” in diameter, it 
would have required around 24” 
space for training the tap, if a 
regular Tee joint was used. 

Instead Okonite engineers worked 
out a preformed branch connector, 
in cooperation with a fitting manu- 
facturer. From the picture you can 
see that by forming the connector 
instead of bending the cable the 
radius of bend was cut in half. 
Q.E.D.: only half as much manhole 
wall space was required. 

Engineers at this plant weren’t 
taking any chances with their cables 
...and they weren’t taking any 
chances with their splices either. 
They made all their splices with 
Okolite, Manson and Okoprene tape. 

It’s good sense and good business 
to use a better tape and obtain a 
joint that’s “‘spliced for life.’ The 
tape represents only a small frac- 
tion of the total cost of the job. AVARABLE 

Why not send for a set of instruc- THROUGH 
tion sheets, EG- 5678; you'll find AUTHORIZED 
them helpful. 





DISTRIBUTORS ONLY 


Made by 


THE OKONITE COMPANY 
ON, \ ‘ 

PASSAIC 0 Wj, NEW JERSEY ~ ~ ~ A) 
NCE 878 


SPECIALISTS IN ELECTRICAL WIRES, CABLES AND SPLICING MATERIALS FOR 75 YEARS 


PLICING TAPE 
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Now the simpler operating 
methods possible with S&C Load Inter- 
rupters can save equipment costs at sec- 
tionalizing points by almost one half. 


S&C Load Interrupters can switch 
the circuit without any external arcing. 


This means you can now use stick 


operation at many points where the 
present practice is group operation . . 
group operation perhaps for the single 
purpose of actuating disconnects or 
horn-gaps when mounted upright at 
pole-top locations to give the necessary 
clearances for their rising arcs. 


With the stick-operated * Load Inter- 


ARE YOU SECTIONALIZING YOUR 








FEEDERS AT 





rupter, you actually save three ways: 
(1) No costly operating mechanism 
and pole-top frame to purchase; (2) 
Installation labor radically lowered; (3) 
Maintenance and adjustment costs re- 
duced to a minimum. 


Of course this cost-saving is just part 
of the story. Since the Load Interrupter 
can switch the cir- 
cuit under any con- 
dition except short 
circuit, it permits 
completely new 
practices in switch- 
ing distribution ae 
feeders. [Srefestns convene sit 


ne Oe 


*However, S&C Load Interrupters may also be obtained for group operation. 


Would you like to read more about the S&C Load 
Interrupter and how it saves money while improving 
operating practices? Write today for Catalog Section 760. 
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DISTRIBUT 
LOWEST CO 





- N Inverted Interrupters are readily 
accessible for operation with a hook stick. 





Single-pole Load Interrupters for 
vertical mounting—14.4 kv 600 amp. 








Se ELECTRIC COMPANY 








RATED VOLTAGE MAINTAINED DURING 
SEVERE OPERATING CONDITIONS with 





CONTROL CIRCUIT TRANSFORMERS | 


Hevi Duty Transformers are specifically designed to reduce the voltage drop 
to the holding coils of contactors, relays, and similar equipment at peak in- 
rush periods. Well anchored coil terminals eliminate the need for terminal 
boards. Notice how these compact, neat appearing Hevi Duty Transformers 
save valuable panel space. Sizes 20 V.A. to 10,000 V.A. We are experienced 
in the production of specialty transformers. 


Write for data and regulation curves — Bulletin T-5111. 


HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN >» 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 





(Continued from page 36A) 


particles by a form of magnetic attraction. 
It plugs into any handy outlet and affords 
quick relief to asthma and hay fever 
sufferers and to business people in smoke- 
filled rooms, and is valuable in laboratories 
where a sterile atmosphere is required or 
in any application where dust specks present 
a problem. 


Industrial Rectifier Tube. National Elec- 
tronics, Inc., Geneva, IIl., has developed 
a new quick-heating rectifier tube for in- 
dustrial control applications. This tube, 
designated NL-6/6, is rated at 2.5 amperes 
direct current and 30 amperes peak current. 
The high peak current rating permits use 
in motor speed control applications re- 
quiring high starting currents. NL-676 is 
gas and mercury filled for quick starting 
and long life. Other ratings are: filament 
voltage, 2.5 volts; filament current, 9% 
amperes; peak inverse voltage 1,250. 


Miniature A-C Motor. <A subminiature, 
either 400- or 60-cycle, a-c motor has been 
developed which is compact and precision- 
made for applications where size, weight, 
and high performance are the governing 
factors. Protection for military environ- 
mental conditions has been considered in 
the design. The motors can be wound for 
single, two, or three phases, and can be 
furnished as an induction or hysteresis 
motor. The characteristics of these motors 
can be readily modified to cover a wide 
range of application requirements; for 
specific applications, details should be 
submitted to the factory for determination 
of the final design. Additional information 
may be obtained from Yale J. Holt, Globe 
Industries, Inc., 1784 Stanley Avenue, Day- 
ton, Ohio. 


Variable-Frequency Electronic Genera- 
tor. The Model 7420-B Variable Fre- 
quency Electronic Generator developed by 
Communication Measurements Labora- 
tory, Inc., Plainfield, N. J., is a versatile 
power source for use in the development or 
production testing of equipment operating 
over a range of power supply frequencies. 
Frequency range of the internal oscillator 
is 50-6,000 cycles with external oscillator 
25-20 ke. Power output is 300 volt- 
amperes. Distortion is under 2 per cent. 
Regulation is less than 2 per cent no load to 
full load. Nominal output voltages are 
80, 120, 135, 215, 255, and 270 volts. 
Twelve-decibel inverse feedback insures low 
dynamic output impedance. 


Center Break Switch. A completely re- 
designed type DR center break air switch 
has been announced by the R&IE Equip- 
ment Division of I-T-E Circuit Breaker 
Company, Greensburg, Pa. Featured on 
the switch are design characteristics com- 
mon to other R&IE horizontal and vertical 
break switches. Sealed pressure hinge 
contacts have replaced flex connections at 
the swivel jaw and swivel hinge terminals. 
Pressure finger jaws designed with a com- 
bination copper and beryllium copper 
provide for high conductivity, strength, re- 


(Continued on page 50A) 
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FOR 


MAIN DRIVE MOTORS AND GENERATORS*ROTARY CONVERTERS 
*HEAVY-DUTY GENERAL-PURPOSE MOTORS 


IMPROVES MACHINE PERFORMANCE... CUTS OPERATING COSTS... 


One of the most outstanding brush developments in twenty Users of the new N-4 brush report up to twice the brush 
years, the new “National” N-4 brush is especially recom- life ever obtained with any previous grade. Such results 
mended where heavy load-swings require exceptional occur wherever N-4 brushes are applied to main drive 
brush characteristics to assure smooth, trouble-free opera- motors and generators, rotary converters and heavy- 
tion. The ability of this new, “National” brush grade to duty motors. And here’s more good news — N-4 brushes 
deliver peak-commutation under the most difficult service cost no more than comparable grades now being used 
conditions is one of its outstanding characteristics. in these services! 


The term ‘‘National’’, the Three - ; YOURS FOR THE ASKING... Dept. EE 2-5 
Pyramids device and the Silver . : : . 
Colored Cable Strand are 3 E National Carbon’s instructive pamphlet series on the practical 


registered trede-meris of Union \ 2\ aspects of motor and generator maintenance. Supervisors should 


Carbide and Carbon Corporation P eee 
NATIONAL CARBON request as many copies as they need to distribute personally to 


COMPANY = = \| their men. Coupon automatically brings back-issues and each 
A Division of Union Carbide 5 new, bi-monthly issue for two years or more. 


and Carbon Corporation 
30 East 42nd Street, 

New York 17, N. Y. TITLE 
Sales Offices: Atlanta, Chicago, ‘ COMPANY. 

Dallas, Kansas. City, Los Angeles, | 
NewYork, Pittsburgh,San Francisco © ADDRESS. 
In Canada: Union Carbide : 
Canada Limited, Toronto No. of copies 
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COMMITTEE 
REPORTS 


Application Guides for: 


Ground-Fault Neutrali- 
zers 
Ratings, application, in- 
stallation, operation, and 


CONTACTS & BRUSHES a bibliography 
OF SILVER-GRAPHITE Grounding of Synchro- 


nous Generator Sys- 
tems 

. + « for minimum, more stable Methods of grounding; 

: consideration in apply- 

contact resistance .. . less ing each method to vari- 

radio noise interference .. . ous types of systems. For 

greater reliability systems at 11 kv and 

above. Also applies in 

general for lower volt- 

ages 


Kuen servo mechanisms to radar antenna operating 
units, calculating machines, midget motors and dozens of 
other exacting applications, sliding contacts or brushes of 


Neutral Grounding of 


Stackpole silver-graphite assure maximum contact effi- 
ciency and life at minimum cost. Lowest radio noise levels 
short of using costly noble metals are obtained by using 
these silver-graphite units against a silver ring. For ordi- 


Transmission Systems 
Basic factors to be con- 
sidered in selecting the 
type of grounding, the 


mary uses, a copper ring or commutator will suffice. 
d PP s types of apparatus, and 


methods to be employed. 


Available in sizes from %" diameter upward, they can 
be supplied with silver-soldered backs for easy spot weld- a's 
ing sy Na directly to supporting springs or coi and Limited to 3-phase, 3- 
with or without shunts. Contacting assemblies are thus wire, 23 kv and above 
greatly simplified. Units are supplied either separate or without directly con- 
mounted to specifications. They are made of silver with nected generators 
almost any desired percentage of graphite. Standard 


cy grades range from 0% to 50% graphite. Ask for Number 954 


(All three guides are in- 
cluded in this pamphlet) 
No charge for copies 


wy STACKPOLE CARBON COMPANY 


Address Order Department 


American Institute of 
Electrical Engineers 
33 West 39th Street 
New York 18, N. Y. 


Stackpole contact material types include: SILVER-GRAPHITE © SILVER-LEAD OXIDE 
SILVER-NICKEL © SILVER-MOLYBDENUM ®* SILVER-TUNGSTEN * COPPER-GRAPHITE 
SILVER-COPPER-GRAPHITE * GOLD-GRAPHITE * SILVER-IRON OXIDE 
and many special grades. 
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This booklet 
tells how... 


7 
This 32-page booklet can 
help you build or repair apparatus, 
to operate better at lower cost. Gives prop- 
erties and advantages, test data, construc- 
tion drawings, case histories, application 
details. Also describes the board products 
and composites. 


Abii and Quinorgo Electrical Insulations 


lengthen service life...simplify production...cut costs 


Quinterra is the pyrolysis-resistant 
dielectric that helps cut electrical 
apparatus costs. More and more man- 
ufacturers are using it to make ap- 
paratus smaller and safer, at lower 
cost. Its composites are being used in 
Class “B” and Class “H” motor re- 
winding. It permits equipment to 
operate at higher temperatures be- 
cause it remains a dielectric despite 


Johns-Manville 
PURIFIED ASBESTOS 


ELECTRICAL INSULATIONS 


heat and time . . . the bulk of its 
dielectric strength is in the purified 
asbestos base sheet. Its mechanical 
strengths, thinness and flexibility per- 
mit economical application. 
Quinorgo is the moderate priced, 
high temperature insulation for use 
alone or in composites. Designed for 
operating temperatures up to 130C, it 
combines high dielectric and me- 


chanical strengths. High in absorp- 
tion Capacity, it can be readily treated 
and combined with other dielectrics. 
Furnished only in untreated form. 
Send for your free copy now! 
This new booklet is offered without 
obligation to electrical equipment 
designers, engineers, man- ij 


ufacturers and motor repair 
a : ? 


| 
| 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 


Name 


Johns-Manville, Box 60, New York 16, N. Y. 
In Canada, 199 Bay St., Toronto, Ontario. 
Please send me without charge copy of booklet EL-40A, 
“Pyrolysis Protection Pays Well.” 
My company 0 makes equipment 


shops. 
EE-2 


0 repairs equipment 


Title 





Company 








Street 





City & Zone 
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cm SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


MECHANICAL MEMORY 
with a heart 


Ford Instrument Company engineers draw on the entire scope of scientific 
knowledge to solve each problem. In a recent project, Ford found good use for 
components it developed a score of years ago to produce a mechanical memory 
system whose accuracy is independent of the time interval, and which meets a 
military requirement of absolute reliability. 





INPUT A 


INPUT B 














In an instrument in which the input quantities may vary with time, it is desired to 
produce an output equal to the change in one quantity A since the time t,, added 
to the value that a second quantity B had at time t,. At the same time it is desired 
to store another output equal to the change in quantity A since a second time ty, 
added to the value that the quantity B had at that time t.. It is further desired at any 
subsequent time to be able to read the first output or alternately the second output. 

The storing of this information is accomplished by closing clutch C at instant 
1 and clutch D at instant 2. The first output is then read directly at any subsequent 
time and the alternate output by opening clutch C. To recycle — clutch D is then 
opened. 

Whatever problems must be solved in designing and manufacturing computers 
and controls, skills in electronics, magnetics, hydraulics and mechanical and elec- 
trical techniques are called upon by Ford engineers to develop the best instruments 
for the purpose. 

If you have a problem in control engineering, Ford Instrument Company’s forty 
years of experience in high precision design and production will help you find 
the answer. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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HOT DIP 
GALVANIZING 


. . . FOR EVERY REQUIREMENT 
IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 
progressive galvanizing service 
to manufacturers and fabrica- 
tors of iron and steel products 
.. . any size or shape, any size 
order from the smallest to the 
largest. Excellent facilities for 


pickling and oiling. 


“TO ECONOMIZE, 
GALVANIZE AT 
ENTERPRISE” 


ENTERPRISE 
GALVANIZING CO. 


EXER £. CUMBERLAND STREET 
PHILADELPHIA 25, PENNSYLVANIA 








MINIMIZATION 
of 
INTERFERENCE 
from RADIO- 
FREQUENCY 
HEATING EQUIPMENT 
#951 


This report on a recom- 
mended practice reviews the 
theoretical aspects of the 
interference problem and 
then outlines procedures 
which should be followed; 
which may be applied both 
in construction and as 
where 


remedial measures 


interference exceeds limits 
specified in FCC rules. 
Price $.80; 50 per cent 
discount to AIEE members. 


Address: 


AIEE ORDER DEPARTMENT 
33 West 39th Street 


New York 18, N. Y. 
2-55 
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rot hey SIMPLE! 


To change the ratings 
on this regulator, just 
move two limit switch pins oe 


D° A WEEK’Ss job in minutes! With the Vari-Amp fea- 
ture on Allis-Chalmers single-phase power regulators 
only three simple steps are needed to change ratings. 

All you do is (1) open the position indicator window, 
(2) place the “raise” and “lower” limit switch pins in de- 
sired positions, and (3) close the window. That’s all there 
is to it! No need to take regulator out of service. No 
electrical connection to make. No complicated adjust- 
ments or wiring. All other single-phase power regulators 
require 10 complicated, time-consuming operations to 
change windings. 

Get Five Ratings in a Single Unit 
With Allis-Chalmers single-phase power regulator you 
get five ranges of operation instead of the usual two. In 
most cases, initial cost is lower because of this flexibility. 
And, you can increase capacity with only a proportionate 
decrease in range of regulation. The Vari-Amp feature 
also provides extra short-circuit capacity. 

Get complete facts on the convenience, flexibility, and 
reliability of Allis-Chalmers single-phase power regula- 
tors. Call your nearby Allis-Chalmers office or write Allis- 
Chalmers, Milwaukee 1, Wis., for Bulletin 01B6065C. 


ALLIS-CHALMERS 


Originators of ¥%% Step Regulation 
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PROTECTED UNDER STODDART PATENTS 


Precision Attenuation 


to 3000 me! 


TURRET ATTENUATOR featuring “PULL-TURN-PUSH” action 


SINGLE “IN-THE-LINE” 
ATTENUATOR PADS 
and 

50 ohm COAXIAL 
TERMINATION 


FREQUENCY RANGE: 
de to 3000 mc. 


CHARACTERISTIC IMPEDANCE: 
50 ohms 
CONNECTORS: 
Type “N” Coaxial female fittings each end 


AVAILABLE ATTENUATION: 
Any value from .1.db to 60 db 


VSWR: 
=<“ 2, de to 3000 mc., for all values from 10 
0 60 db 


<i Se to 3000 mc., for values from .1 to 


ACCURACY: 
+0.5 db 


POWER RATING: 
One watt sine wave power dissipation 


Send for free bulletin entitled 
“Measurement of RF Attenuation” 


. 
Inquiries invited concerning pads or 
turrets with different connector styles 


STODDART AIRCRAFT RADIO Co., Inc. 


6644-B Santa Monica Blvd., Hollywood 38, California - Hollywood 4-9294 
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siliency, and high thermal capacity. The 
new switch is built in voltages from 7,500 
through 161,000 with current ratings from 
400 through 1,200 amperes. 


Automatic Tester. The Industrial Test 
Equipment Company of 55 East 11th 
Street, New York 3, N. Y., has developed 
the Automatic Hi-Pot Tester Model A 
which automatically tests, in sequence, the 
dielectric strength between any ten con- 
ductors and indicates the location of break- 
down when it occurs. The test interval 
can be accurately controlled up to 120 
seconds, and the applied voltage is con- 
tinuously variable up to 2,000 voltsrms. A 
dual-scale hand-calibrated meter insures 
accurate setting of the test voltage. High 
sensitivity to breakdown is made possible 
by employing a specially designed relay in 
series with the high-voltage circuit. It can 
be used for production testing of slip rings, 
commutators, cable connectors, synchros, 
transformers, and similar devices. Other 
test positions can be supplied on request. 


Subminiature Preamplifier. The Glen- 
nite Model F 470 subminiature preamplifier 
was designed by the Gulton Manufacturing 
Corporation, Metuchen, N. J., for use with 
missiles, aircraft, and other devices where 
size, weight, and power consumption are of 
paramount importance. The 6-ounce unit 
is 211/;, inches wide, 13/;, inches high, and 
21/4, inches long. Power requirements 
are: filament, 6 or 28 volts; plate, 105-250 
volts. A 4-tube unit, the device incor- 
porates a cathode follower input to give an 
input impedance of 100 megohms. It has 
selective gains of 10, 30, 100, and fre- 
quency response from 5 to 20,000 cps. 


High-Speed Gear Unit. The Philadel- 
phia Gear Works, Inc., Philadelphia, Pa., 
has developed a completely new and im- 
proved line of Hi-Speed Gear Units for 
speed reduction and increased service. 
Rotating speeds up to 9,000 rpm and pitch 
line velocities to 10,000 feet per minute 
can be accomodated without modification. 
The units are manufactured in 17 sizes for 
ratings up to 7,000 hp and are available in 
any specified ratio from 1:1 up to 10:1. 
Gearing is of the double opposed helical 
type having teeth hobbed and precision 
shaved and is dynamically balanced to 
provide vibration-free power transmission 
at even the highest rotating speeds. For 
further information write for catalogue 
HI-542. 


Lightweight Distribution Transformer. 
A new lightweight 167-kva_ single-phase 
distribution transformer is now being pro- 
duced by the Line Material Company, 
Milwaukee, Wis. The unit, which utilizes 
an obround tank, offers reduction in weight 
and size, and provides a compact, stream- 
lined appearance. It is available in all 
standard primary voltage ratings through 
13,800 volts and may be pole-mounted. 
All single-phase transformers, 5-100 kva, 
will be redesigned to incorporate the ad- 
vantages offered by the obround tank. 


(Continued on page 52A) 
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Permalloy 
POWDER 


WwUuegweleet 


READILY AVAILABLE 


Here’s something to ring bells about, for Magnetics, 

Inc., the nation’s largest manufacturer of tape wound 
cores, is now licensed by the Western Electric Company to manu- 
facture molybdenum permalloy Powder Cores. 

So now Magnetics, Inc. brings to powder core users the same 
“Performance-Guarantee” which has already provided a major free 
bonus to users of our tape wound cores, bobbin cores, magnetic 
shields and magnetic laminations. This is a guarantee of perform- 
ance to your specifications. 

“Performance-Guarantee” is your assurance of savings in pro- 
duction and assembly. It costs you no more . . . our prices are 
standard in the industry . . . so make sure your next permalloy pow- 
der core. order reads, ‘““Magnetics, Inc. Performance-Guaranteed.” 


Why wait to have your Performance-Guaranteed Powder Core 
orders filled? Our expanded production facilities can have your 
order on its way almost as soon as it arrives. And send for our 
Bulletin PC-103 today so that you're ready to order Performance- 
Guaranteed Powder Cores as soon as you need them. 


Wt @ @ 


Write on company letterhead MAGMIETICS inc. 


— J S| 


DEPARTMENT EN-19, BUTLER, PENNSYLVANIA 
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STANDARD SIGNAL GENERATOR 


Direct Reading 
Frequency 
Dial 


Model 80 


Range 
Indicator 


Pulse 
Input 


Vernier 
Frequency 
Dial 


The MODEL 80 is completely self-contained, 
with built-in power supply and modulator. 
An extremely stable and accurate instru- 
ment for loboratory use, production testing 
or servicing. 


Complete dota on request 


MEASUREMENTS 


Belek, Beek, | 


Direct Reading 
% Modulation 


Direct Reading 
Carrier Output Dial 
Output Voltage 
0.1 to 100,000 
microvolts 


Modulation Selector 


CORPORATION 


NEW JERSEY 














TO 5,000 VOLTS & 
TO 2,000,000 CM! 


HEAT- & MOISTURE-RESISTANT 
WIRES, CABLES & CORDS for 


Air Conditioners, Airplanes, Bakeries, 
Bake Ovens, Ballast Transformers, Boiler 
Rooms, Busses, Central Stations, Clothes 
Dryers, Commercial Refrigerators, Cranes, 
Dry Kilns, Electric Furnaces, Electric 
Motors, Electric Ranges, Electronic Equip- 
ment, Hair Dryers, Heat Controls, Heat- 
ing Elements, Infra-red Heat, Lighting 
Fixtures, Locomotives, Mercury Switches, 
Motion Picture Machines, Oil Burners, 
Pane! Boards, Paper Mills, Power Houses, 
Pyrometers, Radios, Range Lights, Range 
Timers, Resistance Soldering, Restaurant 
Equip , Rheostats, Sewing Machines, 
Show Case Lights, Smokehouses, Solder- 
ing Irons, Spotlights, Stage Lights, Steel 
Mills, Switchboards, Table Stoves, Tele- 
vision Sets, Thermostats, Toasters, Waffle 
Irons, Water Heaters, ef cetera ad in- 
finitum. 





AVA POWER CABLE BY 
CONTINENTAL WIRE 


has long been known as one of 
the highest rated temperature 
cables made . . . Today, Conti- 
nental AVA also supplies the 
highest current capacities in the 
industry (servicing from 600 to 
5,000 volts) — and in the widest 
range of sizes available (18 AWG 
to 2,000,000 CM inclusive) .. . 
Write for stock-catalog, or about 
your particular requirements — 
special wires manufactured to 
meet specific conditions. 


CONTINENTAL 


WIRE CORPORATION 
Plants at YORK, Pa., 
& WALLINGFORD, Conn. 
SALES: Box 363, Wallingford, Conn. 
Phone 9-7718 DEPT. MC E 
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Rapid Production Bridge. The Freed 
Type 7870 Incremental Inductance Com- 
parison Bridge is designed for rapid testing 
of transformers and chokes under actual 
operating conditions. The instrument con- 
sists of a variable 0-500-ma d-c supply, a 
60-cycle 0-135-volt a-c supply, a com- 
parison circuit, and a vacuum-tube volt- 
meter. A jack is incorporated for connect- 
ing an external oscillator to supply other 
test frequencies. All controls and power 
supplies are contained in one unit and the 
instrument operates from a 100-125-volt 
50-60-cycle line. For further informa- 
tion write directly to the manufacturer, 
Freed Transformer Company, Inc., 1715 
Weirfield Street, Brooklyn 27, N. Y. 


Home Light Control. Luxtrol, a develop- 
ment in home light control permitting the 
setting of the light intensity of lamps to any 
value from complete darkness to full bright- 
ness, is being marketed by The Superior 
Electric Company, Bristol, Conn. Each 
unit, operating on the dimmer principle 
used in theaters, can handle any number or 
combination of lamps, colored or uncolored, 
up to a load of 360 watts. Essentially, the 
Luxtrol unit is a 360-watt variable auto- 
transformer operating from a 120-volt a-c 
source. A movable brush contact rides on 
a bared portion of the winding. Rotating 
the contact arm by turning the knob pro- 
duces any desired light intensity. The 
units are available nationally through 
architects, builders, electrical contractors, 
and distributors. 


50-Ampere Recloser. A new 50-ampere 
recloser (type 50-GR-3) for use on 2.3- to 
15.5-kv distribution systems is available 
from the Westinghouse Electric Corpora- 
tion. The new 3-pole unit is an addition 
to the present line of 100-ampere reclosers, 
and is designed for use where the larger 
interrupting capacity is not necessary. 
The 50-GR-3 is suitable for manual or 
solenoid operation. For further informa- 
tion, write Westinghouse Electric Corp- 
oration, Box 2099, Pittsburgh 30, Pa. 


TRADE LITERATURE 


Transistor Bibliography. ‘Transistors 
and Their Applications: A Bibliography, 
1948-1953” has been compiled by students, 
under the direction of Alan R. Krull, 
using the facilities of the Technological 
Institute Library (Northwestern Uni- 
versity Library), Evanston, Ill. Together 
with its appended supplement and within 
the confines of the title, the bibliography 
is fairly comprehensive. Some references 
dealing with the processing and purifica- 
tion of germanium, the principles of 
germanium diode action, and _ other 
subjects which appear to be related only 
indirectly to this topic have been included 
when the individual article was believed 
to have sufficient bearing. Some pre- 


(Continued on page 62A) 
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C-D-F MICABOND tapes, sheets, 


segments, tubing, ‘V"’ rings, slot liners 






on 


Build a better motor with C-D-F MICABOND 


improve design ... simplify purchasing ... speed production 


TO WORK WITH YOUR PRODUCTION PEOPLE 


Our large, progressive company has 
special know-how on planning and 
producing superior mica _ insulation. 
Making exactly what you want to your 
specifications, when you want it, is a 
routine part of your C-D-F Micabond 
purchase. If you need a new source for 
mica, the C-D-F Valparaiso, Indiana 
plant can be the answer. 





TO SUPPLY YOUR PRODUCTION NEEDS 


C-D-F’s skilled mica workers run pre- 
cision machinery developed to make 
Micabond products uniform in their 
mechanical and electrical properties. 
A vigorous research and quality con- 
trol program gives you facts and 
proven materials for high-heat motor 
applications. 


ALWAYS SPECIFY C-D-F MICABOND 


Talk over your insulation requirements 
with your C-D-F sales engineer. To 
build a better motor, to get more insu- 
lation value, put C-D-F experience to 
work for you. America’s largest users 
of mica products rely on C-D-F. Sam- 
ples of Micabond materials, technical 
aid, all are yours on request. 


 Gittnwitl-Diemind Foe 


CONTINENTAL-DIAMOND FIBRE COMPANY 


NEWARK 86, DELAWARE 
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Plan Now 


To have Electrical Engineering 
deliver your message to the man 
who says what to buy and 
where to buy it 


write or 
wire for complete infor- 


mation of rates and coverage 


Grecien Electrical Engineering = ves 


in the American Institute of Electrical Engineers, Advertising Department Cost 
Electrical SUITE 13, Lower Level Page Rate 
Field 500 FIFTH AVENUE NEW YORK 36,N. Y. Per Thousand 
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Reading the evening paper by candlelight is no joke. When 
bad weather brings down distribution lines, customers’ blood 
pressures go up and loads drop. Public relations programs suffer 
correspondingly. 

That’s why weatherproof line wires in utility distribution 
systems are being replaced by messenger-supported, insulated 
aerial cables. These cables will operate safely and dependably 
even with broken poles. 

Simplex Aerial Cables use Anhydrex insulation for long-lived 
physical properties, and for mechanical and electrical stability 
in water. Simplex-compounded neoprene provides a lightweight, 
tough jacket that withstands prodigious punishment. 

To minimize the chance that father will read his paper by 
candlelight tonight, or any night, investigate messenger-sup- 
ported, Anhydrex-insulated, Simplex Aerial Cables. Write today 
to the addréss below for Catalog No. 1006. 


& CABLE CO. 


79 Sidney Stre 
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tivow out obsolete, tenting 


Cut Production Rejects and Re-work 


33 RANGES 


as much as 47% 

Streamline Preventive Maintenance 
Speed Up Trouble Shooting 

with Triplett Model 630 

Streamline Volt-Ohm-Mil-Ammeter— 
quick, accurate checks on voltage, 
current and resistance 

Uses minimum bench space—3-7/32” x 
5-1/2”—only 4 Ibs.—completely 
portable for all preventive 
maintenance and 

electrical trouble shooting— 
laboratory instrument precision 
Operation is completely streamlined— 
one switch for both circuit and 
range selection 


630 VOLT-OHM-MIL-AMMETER 


ELECTRICAL 
INSTRUMENT 
COMPANY 


$39.50 net Bluffton, Ohio 


SPECIAL TRANSFORMERS 
BY LINDBERG 


Lindberg designs and manu- 
factures all types of special 
transformers to fit your pro- 
duction requirements. 

Just let us know your 
transformer problems and 
we will gladly provide the 
right answer. Write for 
Bulletin 1115. 


TRANSFORMER DIVISION 


LINDBERG ENGINEERING COMPANY 
2493 West Hubbard Street, Chicago 12, Illinois 








GENUINE — SIMPLE 


SILVER PLATING 








"ON THE JOB" WITH POWDER 


Purposes of silver plating 
need not be explained to 
you of the electrical field. 

The biggest problems of 
silver plating are its conveni- 
ence, economy and thorough- 
ness. “Cool-Amp”™ silver 
plating POWDER is the an- 
swer to these problems. 

“Cool-Amp" deposits a 
genuine coat of silver that 
will not peel off and pro- 
vides cool maximum con- 
ductivity for copper, brass or 
bronze contacts. It has been 
proven equal to any electro- 
plating for bolted and sta- 
tionary contacts and is far 
more adaptable . . . always 
ready to use. 


“Cool-Amp™ POWDER offers a quick and easy solution to heating due to oxidation, 
improves the continuity of electrical service and reduces maintenance. 

“Cool-Amp" is completely harmiess to the user and is simple to apply. It can be 
used by any number of people at the same time. ON THE JOB, in underground vaults 
and sub stations and in hard-to-get-at places. The only equipment needed is a sharp 
steel wire brush or abrasive cloth, clean rag and water. 

Dampen a rag, dip in ““Cool-Amp" and rub on surface. One pound will silver plate 
epproximately 6,000 square inches. 


$13.50 PER POUND 


SHIPPED PRE-PAID 
WRITE FOR FREE SAMPLE AND QUANTITY QUOTATIONS 


GENUINE e SIMPLE SILVERPLATING 


7 1 Uy 
wiiias 2224 


56A 


Dept. E, 8603 S.W. 17th Avenue ® Portland 19, Oregon 
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AL 


INDUSTRIAL 
DC POWER TYPES 


the WIDEST RANGE 
in the INDUSTRY 


SPECIFICATIONS 
Ratings to 250 KW. 50 MA to 2,300 amperes From 
6 volts to 30,000 volts Cell sizes from 1 sq in to 42 sq. in. 
Ambient temperature range to 125°C without 
derating Finishes available for 
any environment. 


APPLICATIONS 
Arc welders aircraft starters, 
battery chargers cathodic protection elevators, 
plating power supplies Write for Bulletin C-349. 


INTERNATIONAL 


RECTIFIER CORPORATION 
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Part of a set of 16 field coils 
recently completed by National for 
a 25,000 KVA waterwheel gener- 
ator. Note the complete pole as- 
sembly ready for mounting on the 
rotor. 


New or rebuilt field coils by National mean 


beltév Yaw iY performance 


SS 


Salient pole field coils deteriorate in time and require rebuilding or replacing. 
They are subject to copper growth, lead breakage, shorts between turns, looseness 
on poles, collar breakage, breaking apart of turns, and grounding to pole pieces. 

Corrective measures include the use of silver bearing copper, flexible leads, 
Class ‘B’ turn and pole piece insulation, and asbestos bakelite collars and stag- 
gered turns for better heat dissipation and longer life. 

Trained personnel and heavy specialized equipment are at your command 
to expeditiously repair, rebuild or replace large fields; road service men are 
available to remove and reinstall the pole piece and coil assemblies on the rotor 
and to dynamically balance. 

Write, wire, or call National, or get in touch with your nearby National field 
engineer. 


Nz 


ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND INSULATION 
REDESIGNING AND REPAIRING OF ROTATING ELECTRICAL MACHINES 


COLUMBUS 16, OHIO, U.S. A. 
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Eimac High Vacuum 
Rectifiers 


HIGH CURRENT, HIGH 


Eimac’s complete line of eight high 
vacuum rectifiers cover a wide range 
of average current, 5Q9ma to 750ma 
and peak inverse voltages from 
25,000v to 75,000v. In power supply 
units, voltage multipliers, pulse serv- 
ice or special applications at high 
frequencies, extreme ambient temper- 
atures and high inverse voltages, 
high 
ideal. They give reliable performance 


Eimac vacuum rectifiers are 


at high frequencies and high volkt- 


a? 


TO 
Gere e ree 
Tid 

a 
areee: 

eee: 


peeeeder? 
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} 


f 
i 


AAP 


VOLTAGE OPERATION 


ages without generating radio fre- 
quency transients and have no lower 
limit to ambient operating tempera- 
ture. Ruggedly constructed, Eimac 
high vacuum rectifiers contain many 
of the famous Eimac transmitting 
tube features such as an instant heat- 
ing thoriated tungsten filament, that 
allows application of filament, plate 
voltages simultaneously; an exclusive 
radiation cooled pyrovac* plate; and 


elimination of internal insulators. 


ae 





@ For additional 
information about 
Eimac high quality, 
high vacuum rectifers, 
contact our Technical 
Services department. 


* An Eimac trade name. 





EIMAC HIGH VACUUM RECTIFIERS 
PLATE FILAMENT 
Average Dissipa- Peak 
Current tion Inverse 
MA Watts Voltage Volts Amps 
50 15 25,000 6.3 3.0 
75 30 30,000 5.0 4.0 
100 60 40,000 5.0 6.5 
250 90 30,000 5.0 13.0 
250 150 60,000 5.0 10.5 
350 100 15,000 5.0 10.0 
500 150 40,000 7.5 12.0 
750 1200 75,000 10.0 25.0 








EITEL-McCULLOUGH, INC. catironwis 


The World’s largest manufacturer of transmitting tubes. 
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Jacks . . props .. shores. . 
horses . . why fool with these 
obsolete methods of handling 
reels? DO IT THE MODERN, 
EFFICIENT WAY! Reel or 
unreel wire, cable, rope with 


LM” 
Simple, strong, eas- 
ily handled stand 
for your reels to 
save time and labor. 
“ Adjustable slots for 
wide variety of reel 

sizes. 

Style A: 2,000 Ibs. cap. 37.50 
Style B: 4,000 Ibs. cap. 75.00 
f.o.b. Cincinnati 


WRITE TODAY FOR DETAILS 


ROLL-A-REEL 


1100 SYCAMORE AT CENTRAL PARKWAY 
CINCINNATI 2, OHIO 

















Review of 


Electronic Digital 
Computers 


Papers and discussions presented at the 
Joint AIEE-IRE Computer Conference, 
Philadelphia, Pa., December, 1951 


Descriptions of ten large-scale 
electronic computers of varying de- 
sign and performance are contained 
in this publication, giving a cross 
section to date of both parallel and 
serial types of electronic computers 
using storage devices including 
mercury delay lines, magnetic 
drums, and cathode-ray tubes. Other 
papers contain detailed operating 
and component experience on cer- 
tain of these calculators, and a sum- 
mary of the present state of computer 
development and some of the future 
possibilities of the transistor in com- 
puter design. 








This 114-page special publication 
(S-44) is available for the price of 
$3.50 (no discounts allowed). Write 
for copies to: 

AIEE ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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Increased Machine Output 
Result of Planned Maintenance 





A machine operated con- 
tinuously without any out- 
ages would have the 
straight line output curve 
for the years of service up 
to replacement time. The 
difference between the 
planned maintenance curve 
and the unplanned main- 
tenance curve gives the net 
gain to be expected if the 
insulation is tested and 
weak spots repaired in- 
stead of waiting for failure. 


GENERATOR OUTPUT (KWH) —~ 


REPLACEMENT 








YEARS SERVICE ——~ 











lf failure of a machine can be anticipated before a regularly scheduled 
service period, the machine can be deliberately shut down and the expense 
of emergency repair and loss of output can be avoided. Anticipating 
incipient failure is often one of the advantages to be obtained through the 
use of d-c overpotential testing equipment. Now checks can be made not 
only to determine whether the machine is operative, but also to what extent. 


The d-c method of insulation testing gives a measure of the degree of in- 
sulation deterioration which is not readily possible with a-c tests. Ad- 
ditional advantages of the d-c method are direct readings of insulation 
leakage and much more compact design than equivalent a-c testers. 


BETA makes available a comprehensive databook on the subject of d-c 
overpotential testing. It describes in detail the principles and techniques 
of the method and contains an important bibliography. Write for your 
free copy today. 


= ta | 9 -Yoh 3 (ol Oto} 9 oF 


339 East 103rd St, N. Y. 29, N..F. 
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LONGER LIFE 
DEPENDABLE + 


—< EFFICIENT AIEE 
Wt economican|| S*XDARS 


No. 550 
Master Test Code for Re- 
sistance Measurement. 
A 


gui 


A May 1949. ‘*Price: $0.80. 


Wor Ls No. 600 


Recommended  Specifica- 

ion for Speed-G i 
| TRANSFORMERS | of Steam Turbines Inlonded 
| to Drive Electric Genera- 


tors Rated 500 Kw and Up. 
May 1949. *Price: $0.60. 








Nos. 601 and 602 
Preferred Standards for 
Large 3,600-Rpm 3-Phase 
60-Cycle Condensing 
Steam Turbine-Generators 


2 (Larger Than 10,000-Kw 
DESIGNED FOR ually Rated Capacity) 


and 


OIL IMMERSED, ASKAREL MARCUS transformers have been proven Standard 


& ORY TYPE TRANSFORMERS in the field by year after year of safe, trouble- Data for Generators for 
Capacities 1 to 5000 KVA 


free service. Leading engineers choose them Large 3,600-Rpm 3-Phase 
+ for rugged dependability. At MARCUS there 60-Cycle Condensing 
UNIT SUBSTATION is no compromise with quality. Sound engi- Steam Turbine-Generators 


ep ny neering and skilled production result in trans- (Larger Than 10,000-Kw 
ELECTRIC FURNACE formers that have set a new standard for the Rated Capacity). Jan. 
cn industry. The MARCUS seal on a trans- 1953. *Price: $0.60. 

WELDIN : 
© MOTOR STARTING former is your guarantee that you have i a aes iien teikilietl We 


© SPECIAL bought the best. It is truly “The Mark of AIEE members. 
Quality’. 


Specification 


Orders for the above should 
be sent to: 


Wa 34 linia Order Department 
American Institute of 
“Mark of Quality” 


Electrical Engineers 
Representatives TRAN S FORME R CO., INC. 33 West 39th Street, 
hates Cities RAHWAY, NEW JERSEY New York 18, N. a 
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Chemical Plant Power Cable 
Failures STOPPED 


with insulation of BAKELITE Polyethylene 
and jacketing of BAKELITE Vinyl Plastic 


One of the toughest proving grounds 
for cable insulation is the big Texas City 
plant of Carbide and Carbon Chemicals 
Co., a Division of Union Carbide and 
Carbon Corporation. That’s why this 
plant has installed only cable insulated 
with BAKELITE Brand Polyethylene 
jacketed with Baxketire Brand Viny] 
Plastic in the six years this combination 
has been available. 

In one instance, cable insulated with 
BaKELITE Polyethylene was installed 
after some accidental spillage of a 
chlorinated hydrocarbon ate through a 
4-in. fiber duct encased in reinforced 
concrete. The old insulation had been 
literally dissolved (fig. 3). Even though 


some of the chemical still remained in 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [{{§ 30 East 42nd Street, New York 17, N. Y. 


the duct, the new installation has served 
without failure for four years. 

Another breakdown occurred when 
air was circulated through certain con- 
duits to prevent overheating. It carried 
some oil fumes that caused complete 
deterioration of the rubber-type com- 
pound covering the cable. At another 
point, high-alkaline water seeped into 
the duct run, corroding the lead sheath 
and penetrating to the conductors. 

In contrast, insulation of BAKELITE 
Polyethylene and jacketing of BAKELITE 
Vinyl Plastic have proved themselves 
with years of trouble-free service. Write 
Dept. AU-66 for copy of “KaBELITEeMs” 
No. 54 which describes the advantages 
and applications of these materials. 


PLASTICS 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term BAKELITE and the Trefoil symbol are registered trademarks of U.C.C. 
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IDEAS in the making 


62A 


ENCAPSULATED 

MAGNETIC BLOWOUT 

COIL FOR 

CIRCUIT BREAKER... 

made with ARALDITE Epoxy Resins 


PROBLEM. To develop an insulated blowout 
coil having high dielectric and mechanical 
strength and thermal stability. 


SOLUTION. The unit was vacuum cast by 
|. T. E. Circuit Breaker Co., using an ARALDITE 


Epoxy Resin further compounded by Hough- 
ton Laboratories, Inc. 





For details on Araldite Epoxy Resins 
formulations . . . Ciba Company Inc., 
Plastics Division, 627 Greenwich Street, 
New York 14,N. Y.or... 


Aries Laboratories Inc New York, N. Y. 
Emerson & Cummings Inc Canton, Mass. 
Furane Plastics Inc................Los Angeles, Calif. 
Houghton Laboratories Inc 

Rubber & Asbestos Corp Bloomfield, N. J. 
Rezolin Inc Los Angeles, Calif. 








(Continued from page 52A) 


1948 literature references which outline 
the developments leading to the transistor 
have been included also. 


Water Pollution. A new publication en- 
titled ““Clean Waters—and How to Get It” 
has been announced as available from the 
General Electric Company, Schenectady 5, 
N. Y. The 2-color 34-page bulletin, 
designated GEA-6096, is designed to help 
civic leaders, municipal officials, and sew- 
age treatment experts dramatize to their 
communities the urgency of providing 
proper sewage treatment and how to get it. 
It contains facts on water pollution, a 4-step 
community action course to fight pollution, 
examples of successful municipal cam- 
paigns, and methods of maintaining public 
support for such programs. 


Polyphase Watt-Hour Meters. A new 
booklet describes the design, construction, 
and performance of types DSP and DAP 
polyphase watt-hour meters, most recent 
additions to the Westinghouse meter line. 
The new meters offer an extended load 
range for metering both present and future 
loads, and straight-line accuracy is main- 
tained up to 667 per cent of rating. Per- 
formance data are presented graphically 
and technical data are presented in tabular 
form. For a copy of the booklet, B-6398, 
write to the Westinghouse Electric Corpora- 
tion, P. O. Box 2099, Pittsburgh 30, Pa. 


Glossary of Iron Castings. This 36-page 
glossary explains over 150 technical terms 
commonly used between suppliers and users 
of ferrous and nonferrous castings. It is 
offered to increase mutual understanding 
and promotes greater accord in working 
out procurement of satisfactory and im- 
proved castings. Write to International 
Nickel Company, Inc., 67 Wall Street, New 
York 5, N. Y. 


Turbo-Products Catalogue. William 
Brand and Company, Inc., of Willimantic, 
Conn., and Chicago, IIl., manufacturers of 
electrical insulating materials, have an- 
nounced publication of a new _ turbo- 
products catalogue that combines easy-to- 
use features and helpful information with 
respect to wire and tubing, an appendix 
which defines technical terms, and tables of 
insulation resistance temperature coeffi- 
cients and temperature conversion. Ask 
for “‘Catalog ’54.” 


Surface Condensers. The latest data 
and technical information on problems of 
power plant engineering are contained in a 
20-page booklet released by Allis-Chalmers 
on the proportioning of surface condensing 
equipment. The booklet describes factors 
entering into the proportioning and selec- 
tion of surface condensers, provides for- 
mulas for use in calculating the perform- 
ance of a given condenser, and carries a 
variety of curves and tables for quick 
reference. Copies of ‘‘Proportioning of 
Surface Condensing Equipment,” 79B8207, 
are available from Allis-Chalmers Manu- 
facturing Company, 931 South 70th Street, 
Milwaukee, Wis. 
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The data you need 
easy to find in this Uptegraff 


‘Designed for quick reference, this manual gives in 
easy-to-find form, dimensions, performance data and 
other éssential information on Uptegraff Power 
Transformers of all commercial ratings from 750 to 
10,000 KVA. It describes liquid-filled, single and 
three-phase transformers up to the 67 KV Class. 
Standard and optional accessories are listed; terminal 
arrangements, vector relationships and schematic 
représentations are shown. 


Copies of this engineering manual will be useful 
in many ways in executive, engineering and oper- 
ating departments, 
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for free copy of this useful Uptegraff Power 
Transformer ENGINEERING MANUAL. Write on 
company letterhead or use the coupon below. 


eC ee 


R. E. UPTEGRAFF MANUFACTURING CO. (EE) 
Scottdale, Pennsylvania 


Gentlemen: Please send a free copy of your ENGINEERING 
MANUAL Bulletin 133 to: 


Name 





Company 





Address 
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WE BUILD 


LARGE 


TRANSFORMERS 














Here is an example of Acme Electric transformer 
engineering in larger size transformers, Power — 
Precision — Performance. The engineering skill that 
has made the name Acme Electric famous in small 
transformers is exemplified in these dry type, power 
transformers. We have the manufacturing facilities 
to build power transformers up to and including 
750 KVA, 


AND SMALL ONES, TOO! 


Only one-inch in diameter, this reactor is an 
example of Acme Electric production in units 
with limited mechanical dimensions. 


The complete facilities to produce such a wide 

range of transformer sizes is ample assurance 
_that all your transformer needs can be ob- 
“tained from one source. 


ACME ELECTRIC CORPORATION 
222 WATER ST. CUBA, N.Y. 


West Coast Engineering Laboratories: 
1375 W. Jefferson Boulevard, Los Angeles, California 
in Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 
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AN INSULATOR THAT 
provipes A GRIP! 


Made to customers specifications, this insulator has a sand lining fused 
to the inside to provide a strong, non-separating grip when it is cemented 
to a component part. The outside is finished in brown glaze. 


Universal Porcelain Insulators are made to close dimensional tolerances, 
have uniform body density. They are high in physical and dielectric 
strength . . . withstand hot electrical arcing, thermal shock, vibration. 
They resist chemicals, moisture, fumes, heat and cold, And these charac- 
teristics remain unchanged during the life of the electrical unit in which 
they are used. Gain the advantage of Universal Porcelain on your next 
job! Our engineers are at your service. 


me UNIVERSAL (U) CLAY PRODUCTS CO. 


1560 EAST FIRST STREET SANDUSKY, OHIO 




















Se a ne 
Electrical Engineering 
Problems in the Rubber 


and PlasticsIndustries 


Papers presented at the Third Annual 
Conference of the AIEE Subcommittee 
on Rubber and Plastics Industries on May 
5, 1950, in Akron, Ohio and at the Fourth 
Annual Conference held on April 28, 
1952 in Akron. 


The program for the Third Conference 
consisted of a one-day meeting, with nine 
papers and eight prepared discussions. 
The program for the Fourth Conference 
also consisted of a one-day meeting, with 
eight papers and two prepared com- 
ments. At both conferences there was 


extemporaneous discussion which is in- 
cluded in the publication. 


Publication S-51: price, $3.50 to members 
and nonmembers. Send orders to: 


Order Department 


American Institute of Electrical Engineers 
33 West 39th Street New York 18, N. Y. 
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CRUCIBLE 





provide maximum energy... minimum weight 


No matter what your permanent magnet application may be — gal- 
vanometer, speedometer, television or telephone — you'll find that 
Crucible alnico magnets have a consistently higher energy product. 
This means more energy from a smaller magnet. 

Since alnico alloys were first developed, Crucible has been a 
leading producer of this superior type of permanent magnet. And 
Crucible alnico permanent magnets are made by the nation’s fore- 
most specialty steelmaker. 


For alnico magnets that are unsurpassed in quality — call Crucible. 


C A ij C : a LE first name in special purpose steels 
5A. yeas of Fixe stectnaking  ALNICO PERMANENT MAGNETS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 
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New Rome TreePlex with rugged, abra- 
sion-resistant nylon sheath can be installed 
directly through the heaviest tree limb 
conditions without fear of damage.* 


Without Rome TreePlex, installation of 
drop cable through trees requires costly 
preparatory trimming of tree limbs or the 
application of external “tree guards.” 


® Abrasion Test—Five-foot samples of conventional tri- 
plex-type drop cable and new Rome TreePlex were 
placed on an abrasion tester. To simulate wet limb con- 
ditions, water dripped on the abrading surfaces during 
the entire test. The number of oscillations required to 
cut through to the conductor were recorded . . . 1400 
for conventional triplex construction—71000 for new 
Rome TreePlex—TreePlex is fifty times more resistant. 
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Announcing 


Rome TreePlex 


a nylon-sheathed cable, fifty times more resistant to abra- 





sion than conventional triplex service drop constructions 


The remarkable resistance to tree wear of new 
Rome TreePlex—by test, actually fifty times greater 
than that of conventional triplex-type constructions 
—means tremendous reduction in preparatory tree 
trimming for you. 

Using TreePlex, you can now install drop cable 
right through the heaviest trees, with little or no 
trimming and .. . no fear of damage. 

Rome TreePlex gets its great durability from its 
extruded nylon sheath. The nylon adds increased 
mechanical protection, resistance to the abrasive 
action of tree limbs, and protection from wind and 
ice damage, compared to ordinary triplex cables. 

TreePlex has many advantages over regular 
triplex constructions—improved weather resistance; 


It Costs Less to Buy the Best 


flame resistance, nondeformable nylon sheath over 
RoLene (polyethylene) insulation; higher factor 
of safety against current overloads; unequaled 
abrasion resistance. 

Rome TreePlex construction is smooth, clean, 
neat in appearance (no unsightly multiple wires), 
requires less hardware than multiple-wire drop 
cables, and simplifies installation. There are no 
braids to rot or festoon. _ 

TreePlex is another first by Rome Cable, pioneer 
in the development of triplex-type drop cables. 

For more complete data on this revolutionary 
new drop cable, write today for the Rome Tree- 
Plex bulletin. Let TreePlex reduce your tree-trim- 
ming costs! 


ho ROME CABLE 


TORRANCE 
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MODEL S-14-B 


DC COUPLED 
REPETITIVE OR TRIGGER 
1.8 us RISE 


ANOTHER EXAMPLE of Weizmann PIONEERING... 


The WIDE BAND POCKETSCOPE, model S-14-B, hits a new high in 
frequency response for light, compact, truly portable oscilloscopes. The 
response extends all the way from DC to 700 KC within —2 db without 
peaking. Thus providing a pulse rise time of 1.8 microseconds. Furthermore, 
sensitivity has not been unduly compromised in order to accomplish such 
fidelity. The vertical sensitivity is 50 millivolts rms/inch. The sweep is oper- 
ated in either a repetitive or trigger mode and covers a range from 0.5 cycles 
to 50 KC with synchronization polarity optional. Other essential vertical 
and horizontal amplifier characteristics include non-frequency discriminating 
attenuators and gain controls as well as individual calibration voltages. 
Additional provisions for direct access to all the deflection plates, the second 
anode, and the amplifier outputs help to make the S-14-B a standout instru- 
ment of flexibility and utility. All this plus portability! The incredibly small 
size and light weight of the S-14-B now permits ‘‘on-the-spot” use of the 
oscilloscope in all industrial, medical, and electronic fields. Its rugged con- 
struction assures “‘laboratory performance’’ regardless of environment. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKEI'SCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 


$-5-A LAB PULSESCOPE 


$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 


$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 
and Other Associated Equipment 


+ 
WATERMAN PRODUCTS 
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Gibsiloy UW-8 copper-tungsten 
contact assemblies used in 
General Electric Size 1 oil-ime 
mersed starter. 


CONTACTOR LIFE 
DOUBLED 


by changing to 


Gibsiloy 


Ccopper-tungsten contacts 


General Electric Size 
1 oll-immersed con- 
tactor used in Size 1 
oll-immersed 
starter, 


General Electric 

tests showed 

that fine silver 
contacts used sat- 

isfactorily in G. E. air contactors 
were subject to excessive wear 
when applied to oil-immersed 
Starters. To overcome this 
trouble, General Electric tested 
copper-tungsten Gibsiloy UW-8 
in their Size 1 oil-immersed 
starter and found it provided 
more dependable service, longer 
life and less maintenance. 

In fact, the efficiency of Gib- 
siloy UW-8 contacts doubled 
the life of the contactor. 

Gibsiloy UW-8 withstood the 
severe and confined arcing in the 
starter operation, with very little 
erosion. 

Similar advantages of Gibsiloy 
UW-8 can be enjoyed in tap 
changers, other starters and oil- 
immersed apparatus. Write for 
information, and let us help solve 

our electrical contact problems. 
The same experience in design- 
ing and producing electrical 
contacts which provided Gib- 
siloy UW-8 for the G. E. starter 
is available to you. 

Gibson Catalog C-520 is yours 
free. Write for it. 


CONTACT GIBSON FIRST 


[jibsilo 


ELECTRICAL CONTACTS 





Mamufaclured by 
Gipson Etectric COMPANY 


8348 Frankstown Ave., Pittsburgh 21, Pa. 
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Magnets for rotors or stators 
...any design or size you may require. 


The use of Alnico permanent magnets in rotor and stator assemblies 


“MAGNETIC MATERIALS CATALOG” 


Write for your copy 


Contains handy data on various types of 
Alnico Magnets, partial lists of stock 
items, and information on other perma- 
nent magnet materials. Also includes 
valuable technical data on Arnold tape- 
wound cores, powder cores, and types 
“C” and “E” split cores in various tape 
gauges and core sizes. 


ADDRESS DEPT. EL-52 


of motors, generators, magnetoes and tachometers has revolu- 
tionized the designs of these devices. Whatever your need may be 
—from a tiny rotor for a timing device to a large slab for power 
generators—Arnold can take care of your requirements, either for 
experimental samples or production quantities. 


@ Let us work with you. You will have the advantage of working with 
a leading producer of rotor magnets, whose manufacturing and 
testing facilities—the most modern in the business—give you the 
best assurance of high quality standards and uniform performance. 


waosis4a 
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HOW TO 
SUCCEED 
WHILE YOU'RE 
STILL YOUNG 


be SURPRISES many people to learn 
that the average age of the men 
who respond to our advertisements is 
closer to forty than to twenty. But it’s 
not hard to understand why this is 
true! : 

Most young men are satisfied with 
their progress in business. Their na- 
tive ability and energy are enough to 
win them regular promotions and sal- 
ary increases. They find success only 
a matter of time. 

But the day comes, often with a 
shocking suddenness, when this easy 
and casual progress ends abruptly. 

Many a man wakes up with a start 
in his thirties or forties to find that 
his income has leveled off, and that 
promotions have ceased. 

“I’m not getting ahead as fast as I 
should,” he says to himself. “Where 
am I going to be ten years from now?” 

Why does this pathetic pattern ap- 
pear in so many promising careers? 

The answer is simple: Sheer ability 
and energy can carry a man to the 
mid-way point in business . . . but only 
a thorough knowledge of business fun- 
damentals can help him beyond that 
point. 

If you realize that fact while time is 
still on your side—and act on it—you 
can succeed while you’re still young. 


FREE...” FORGING AHEAD IN BUSINESS“ 


We do not claim that you must have 
the Alexander Hamilton Course in 


order to succeed in business. But we 
do say that you cannot succeed with- 
out what is in the Course! 

All the Institute does is offer you a 
convenient and time-saving means of 
bringing this knowledge to you in your 
spare time; and in a form that has 
proved to be practical and effective for 
more than forty years. 

So that you may judge for yourself 
whether or not you think the Institute 
can help you, we have published an 
informative 48-page book titled “Forg- 
ing Ahead in Business.” 

We believe that this little book will 
help any man get down to bedrock in 
his thinking; however, there’s no cost 
or obligation for it because—frankly 
—we’ve never been able to put a price 
on it that would reflect its true value. 
Some men have found a fortune in its 
pages. 

If you would like a complimentary 
copy of “Forging Ahead in Business,” 
simply sign and return the coupon be- 
low. It will be mailed to you promptly. 


ALEXANDER HAMILTON INSTITUTE 


Dept.308, 71 W. 23rd Street, New York 10, N. Y. 
In Canada: 57 Bloor St., W., Toronto, Ontario, Canada 


Please Mail Me, Without Cost, a Copy of Your 48-Page Book— 
“FORGING AHEAD IN BUSINESS” 


Name 





Firm Name 








Business Address 


Position 





Home Address 








Bibliography on 
High-Pressure 
Electric Arcs 


(May 1954) 


This Bibliography (S-62) has 
been prepared to aid those 
conducting research in the 
field of high pressure electric 
arcs. It is hoped the Biblio- 
graphy will also stimulate 
others to become interested 
in this fundamental and highly 
fascinating field of research. 
Although the work has been 
done under the auspices of 
the Subcommittee on Funda- 
mental Arc Research of the 
AIEE Committee on Electric 
Welding, the Bibliography 
should prove useful to all 
fields of high pressure arc 
research, whether the appli- 
cation be to arc welding, arc 
refining, or arc extinction. 
The Bibliography has been 
compiled from a number of 
sources, including many pri- 
vately donated bibliographies 
as well as extensive searches 
through standard journals. 
Entries are arranged alpha- 
betically according to author. 
They include, in addition to 
the author's name, the title of 
the article, the name of the 
publication, the volume, 
number, and date of the pub- 
lication, and number of pages 
in the article. 


Price: $1.50 (no discounts for 
members) 


Copies may be obtained from: 
Order Department 


AMERICAN INSTITUTE 
of 


ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 
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Avoid Costly Shutdowns 
In Large Industrial Plants 


by Providing 


CABLE SYSTEM FLEXIBILITY 





abs 


4 way, type “RAM” wp 3 way, type “RAL” > 


























BSS Ox 
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G&W 15,000 volt, 400 ampere full load break oil switches provide 
safe sectionalization of cable system in a large oil refinery. 


Adequate flexibility has become very impor- 
tant in recent years as the use of underground 
cable systems has increased. While outages 
on cable systems are infrequent, the length of 
time on such outages may be long enough to 
cause considerable inconvenience. 


With “RA” switches located at strategic points 
in cable circuits to provide flexibility, a sys- 
tem can be so arranged that important loads 
will have an alternate source of power im- 
mediately available. 


Since their introduction in 1928, Type “RA” 
switches have had a trouble-free operating 


record which fully justifies their use as load 
break disconnects for single or multiple cir- 
cuits. They are safe and reliable, combining 
simplicity with economy in construction, in- 
siallation, and maintenance. They will operate 
properly after long periods of inactivity to 
provide fast and convenient isolation of cable 
sections in case of trouble and to permit rapid 
rerouting of circuits to materially reduce 
losses normally incurred through electric 
service interruptions. Exposure to weather 
extremes or complete submersion for pro- 
longed periods will not affect prompt and safe 
operation when necessary. They are water-, 
oil-, and air-tight. 


Write us for Series‘“‘DB” bulletins or get in touch with our nearest 
representative for further information. We will be glad to help 
you apply Type “RA” oil switches to your distribution system. 


G&W ELECTRIC SPECIALTY CO. 
7780 Dante Avenue, Chicago 19, Illinois, U.S.A. 


Representatives in principal cities of U.S.A. 
In Canada—Powerlite Devices, Ltd., Toronto, Montreal & Vancouver 


SOTH ANNIVERSARY 
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1922 — Roll-out of a Boeing-built fighter 


Engineers—you can 


New career opportunities continue to 
open up at Boeing—as they have for the 
last 38 years. You can find direct appli- 
cation for your education and experience 
—in Research, Design or Production. 

At Boeing you'd work with engineers 
who developed: The world’s first all- 
metal, 3-mile-a-minute commercial trans- 
port. The first pressurized airliner. The 
first effective four-engine bomber (the 
B-17). Today’s fastest operational 
bomber (the six-jet B-47). The even 
more advanced B-52 eight-jet global 
bomber, and the 707, America’s first jet 
transport. Boeing engineers continue to 
design “years ahead,” doing research on 
nuclear-powered aircraft and supersonic 
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1954 — Roll-out of America’s first jet transport, the Boeing 707 


grow with Boeing 


flight. They are also developing a new 
Air Force defense weapons system, based 
on the Boeing F-99 Bomarc pilotless 
interceptor. These long-range programs 
project Boeing progress far into the 
future. 

One measure of the satisfaction of 
Boeing careers is given in the chart be- 
low. It shows that 46% of Boeing engi- 
neers have been with the company for 
five or more years; 25% for 10 or more 
years; and 6% for 15 or more years. 


tem ) 
20+ 
15+ 
10+ 


5+ 


Here are other advantages: Boeing 
promotes from within and holds regular 
merit reviews to assure individual recog- 
nition. Engineers are encouraged to take 
graduate studies while working and are 
reimbursed for all tuition expenses. Of 
technical graduates at Boeing, 28% hold 
Mechanical Engineering degrees, 24% 
Electrical, 19% Aeronautical, and 9% 
Civil. The remainder is comprised of 
other engineering graduates, physicists 
and mathematicians. 


For full Boeing career information, send 
résumé of your educational and experience 
background to: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Dept. E-9, Seattle 14, Wash. 


SS OEMN IF 


SEATTLE, WASHINGTON WICHITA, KANSAS 
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IBM News FOR ENGINEERS 
THIS MONTH'S BIG CAREER OPPORTUNITIES 


DEVELOPMENT ENGINEERING 


Digital computer circuit design— 
electronic pulse circuits for account- 
ing and data processing machines— 
arithmetic, switching and logical 
circuitry—magnetic storage—tran- 
sistor circuitry—input-output device 
controls—pulse amplifiers, shapers, 


MANUFACTURING ENGINEERING 


Design and development of elec- 
tronic test equipment for digital 
computer production testing—cir- 
cuit design—systems planning and 
analysis—test planning. ALSO ex- 
cellent openings in functional and 
acceptance testing—test equipment 


gates, etc. ALSO excellent openings in systems installation and maintenance—automation engi- 
planning, functional and reliability analysis, elec- neering —manufacturing research. 
tronic component development, packaging, diag- 


nostic and application program development. Required—a degree in E.E., M.E., or a Physics 


B.S. or B.A., or equivalent experience. 


Desirable—experience in any of the following 
“IBM GREAT PLACE TO WORK” fields: digital and analog computers, including air- 


says development engineer borne types, radar, TV, communications equipment, 
now in his 8th year : P ‘ . . 
oithiin endiiene relay circuitry, automation, servo-mechanisms, in- 
“Every youn wile TH 4 strumentation, or data handling systems. 
more challenging than the a 
last,” says Max E. Fem- ; For information 
mer, ee Engi- on these career opportunities 
neer at Poughkeepsie. “It was a tremen- 
dous satisfaction in 1952 to help develop oe i WRITE, : ; 
IBM’s outstanding 701 Electronic Com- giving details of education and experience, to: 
puter. Today our projects and our work William M. Hoyt 
are even more interesting. Both my wife IBM, Dept. 686 (26) 
and I think IBM is a wonderful company.” 590 Madison Ave., New York 22, N.Y. 

Mr. Femmer is Technical Administrator 
of the entire Electronic Data Processing Your replies, of course, will be held in strictest confidence. 
Machine Development Program. INTERNATIONAL BUSINESS MACHINES CORPORATION 


MAGNETIC CORE MEMORY 

a ee IBM joins America in saluting all ENGINEERS during 
This is a Microsecond NATIONAL ENGINEERS’ WEEK, Feb. 20-26, 1955. 
Memory—developed and 
perfected by IBM engi- 
neers—with data transmis- 


sion in and out of storage fod World’s Leading 


at the rate of more than \ Producer of 
43,500 characters a sec- ! 

. Electronic 
ond. A random access unit, A é 
the IBM magnetic core can locate and coemnneNg 


move 5 characters to a programmed loca- Machines 


tion in 35 millionths of a second. pu YEARS OF YOUR LIFE 
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RCA expansion opens the kind of permanent 


opportunities you'll find most desirable 


A whole new program of expansion 
at RCA—in Research, Systems, Design, 
Development and Manufacturing—opens a 
broad variety of permanent positions with 
all the features that appeal to the alert, 
creative engineer. These are opportunities 
with a future...available today for the 
man who wants to move ahead profession- 
ally with the world leader in electronics. 
They include work in fields of phenomenal 
growth. At the RCA engineering labora- 
tories listed in the chart on the right, you'll 
find the kind of living and working condi- 
tions attractive to the professional man and 
his family. 

Engineers and scientists find every 
important factor that stimulates creative 
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effort ... including a quality and quantity 
of laboratory facilities unsurpassed in the 
electronics industry...and everyday 
association with men recognized at the top 
of their profession. 

RCA’s benefits add up to an impres- 
sive list of ‘‘extras.’”’ Among them: tuition 
for advanced study at recognized univer- 
sities ...a complete program of company- 
paid insurance for you and your family... 
a modern retirement program .. . relocation 
assistance available. 

Your individual accomplishments 
and progress are recognized and rewarded 
through carefully planned advancement 
programs. Financially as well as profession- 
ally, you move ahead at RCA! 
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about His Future... 


What Can RCA offer you ? | AVIATION ELECTRONICS 


Check the chart below for your career opportunity in { ELECTRON TUBES 
MISSILE GUIDANCE 





TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 


FIELDS OF ENGINEERING ACTIVITY Eecieal | Mechanical | Physical | Cerames 


Engineers ngineers Science Glass Technology 
Metallurgy 


1-2 | 2-3] 4+ 9 1-2] 2-3] 44+ 9 1-2] 2-3] 44+ § 1-2] 2-3 | 4+ 











RESEARCH + SYSTEMS + DESIGN + DEVELOPMENT 
COLOR TV TUBES— Electron Optics—Instrumental Analysis LIL 
—Solid States (Phosphors, High Temperature Phenomena, 

Photo Sensitive Materials and Glass to Metal Sealing) 


RECEIVING TUBES—Circuitry—Life Test and Rating—Tube 
Testing—Thermionic Emission 


SEMI-CONDUCTORS— T ransistors—Circuitry—Advanced 
Development 


MICROWAVE TUBES—Tube Development and Manufacture 
(Traveling Wave—Backward Wave) 


GAS, POWER AND PHOTO TUBES— Photo Sensitive Devices— 
Glass to Metal Sealing 


AVIATION ELECTRONICS — Radar— Computers—Servo Mech- 
anisms—Shock and Vibration—Circuitry— Remote Control 
—Heat Transfer—Sub-Miniaturization—Automatic Flight 
— Design for Automation—Transistorization 


fo 


L L 




















RADAR—Circuitry— Antenna Design—Servo Systems— Gear 
Trains—Intricate Mechanisms—Fire Control 





COMPUTERS (ANALOG AND DIGITAL)—Systems— Advanced 
Development—Circuitry—Assembly Design— Mechanisms 





COMMUNICATIONS— Microwave—Aviation—Specialized 
Military Systems 


MISSILE GUIDANCE—Systems Planning and Design—Radar 
—Fire Control—Shock Problems—Servo Mechanisms 


COMPONENTS— Transformers—Coils—TV Deflection Yokes 
(Color or Monochrome) — Resistors 








1 Bion tViowtiosi OF i rwrizizi= 
Qa! SIosSsiocosl(eos| oS 
O)|SIoZiosl(os| eo 





MANUFACTURING 
Tri-Color Tubes— Microwave Tubes 





MACHINE DESIGN 
Mechanical and Electrical—Automatic or Semi-Automatic 
Machines 















































C—Camden, N. J.—in greater Philadelphia near many suburban communities. 
Location H—Harrison, N. J.—just 18 minutes from downtown few York. 
Code L—Lancaster, Pa.—in beautiful Lancaster County, about an hour’s drive west of Philadelphia. 
M—Moorestown, N. J.—quiet, attractive suburban community close to Philadelphia. 


Please send resume of education and Mr. John R. Weld, 

experience, with location preferred, to: Employment Manager, Dept. C-2B 
Radio Corporation of America 
30 Rockefeller Plaza 
New York 20, N. Y. 


RADIO CORPORATION OF AMERICA 


Copyright 1954 Radio Corporation of America 
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Engineers! Scientists! 
UNLIMITED OPPORTUNITIES IN 


Atomic Power 


AT 
Westinghouse 














In a new plant on the outskirts of Pittsburgh, Pa., 
atomic energy will be explored as a source of power 
for transportation and industry. 

Opportunities in this new field are unlimited for: 


MECHANICAL ENGINEERS 


Fluid flow, heat balance, valves, mechanical and hydraulic 
devices and mechanisms, design and application of high 
pressure piping and systems, heat transfer, rotating machin- 
ery, general steam apparatus and steam power systems. 


ELECTRICAL AND CONTROL ENGINEERS 


Development, design and application of control systems 
and apparatus for nuclear plants. This includes servo 
analysis, application of analog computers, functional and 
operational analysis of mechanical and electrical power 
systems and the application of temperature, pressure, flow 
instruments, nuclear instruments, motor controllers, regu- 
lators, control panels and special electrical controls. 


PHYSICISTS 


Basic reactor physics, reactor design and analysis, control 
systems, and experimental testing. 


METALLURGISTS 


To conduct basic research in physical metallurgy, corrosion 
and radiation effects on metals; applied research and devel- 
opment on materials and processes for reactor components 
in the field of vacuum induction melting, ceramics, powder 
metallurgy, welding, metal working and non-destructive 
inspection. 

Openings also exist for Chemical Engineers, Chemists and 


Radio Chemists. SALARIES 


Open. Ample housing available. Benefits include a hospitali- 
zation-insurance program, and graduate study under the 
Westinghouse program at company expense. 





HOW TO APPLY 


United States Citizenship is required! 
Send resume concerning your experience and education to: 
Mr. C. F. Stewart, Atomic Power Division, 


Westinghouse Electric Corporation 
P.O. Box 1468E, Pittsburgh 30, Pa. 

















CAREER 
OPPORTUNITIES 


In telephone switching circuit de- 
sign, both electromechanical and 
electronic, and in the allied fields 
of apparatus engineering and 
design. Openings are available 
for a limited number of men of 
promising ability. Accepted ap- 
plicants will be trained by work 
assignments best fitted to their in- 
dividual aptitudes. Starting sal- 
aries commensurate with those in 
other electrical fields. Attractive 
benefit plans and above average 
business stability. 


Write giving full details of your 
background fo: 


AUTOMATIC ELECTRIC CO. 
Personnel Director 
1033 W. Van Buren Street 
Chicago 7, Illinois 


AUTOMATIL alk FLECTRIL 


+ 
- 

















Application Guide 


for 
GROUNDING of INSTRUMENT 
TRANSFORMER SECONDARY 
CIRCUITS and CASES 


The object of this guide, number 
52, (based on the findings and con- 
clusions of the AIEE Relay Com- 
mittee) is to give recommendations 
as to whether all instrument and 
auxiliary transformers, mannenene 
of voltage, should be grounded, or 
just how this grounding should be 
done. 

These recommendations apply to 
all instrument transformers, irre- 
spective of the value of primary 
voltage or whether the primary 
windings of the transformers are 
connected to or in power circuits, 
or whether these primary windings 
are connected in the secondary cir- 
cuits of other instrument trans- 
formers, 


There is no charge for copies 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West ~— —e New York 
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CLASSIFIED ADVERTISING 


For help and situati ted, $2.00 per line. 
Sale and purchase of used machinery, etc., 
$2.50 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 





When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Open 


WANTED: ELECTRICAL DESIGN ENGINEER 
with exceptional! ability and successful experience in the 
design and testing of light duty electically operated re- 
mote controlled oil filled and dry type outdoor switchi: 
devices from 120 voltsto 15 KV. This is an exceptiona 
ps roman for an engineer capable of producing “> 
and practical designs for low volume production. - 
vancement is assured and salary attractive. The posi- 
tion is permanent with an established small manufacturer 
in Indiana. Give experience, education, references, age, 
recent photo and salary expected. Box 114. 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are available to men with intelligence, imagina- 
tion and the desire to produce significant work. Our 
firm is devoted entirely to research and development, 
numbers about 1000, and is owned by one of the nation’s 
leading universities. Our salary and benefit programs 
are competitive with industry. Almost every branch of 
electronics is covered in our program, and internal funds 
are available for research on promising individual ideas. 
Additional information on current openings will be sent 
upon request. 
Buffalo 21, New York. 


THE MOORE SCHOOL OF ELECTRICAL ENGI- 
NEERING OF THE UNIVERSITY OF PENN- 
SYLVANIA has openings for electrical engineers, 
mathematicians, and physicists. Work is available in 
the fields of digital and analogue computers, math- 
ematical analysis, circuit design, information theory 

i systems engineering. Applicants 


microwav and 
should be U. S. citizens. Salary commensurate with 


Cornell Aeronautical Laboratory, Inc., , 


education and experience. For application form write 
the Director, Moore School, University of Pennsylvania, 
200 South 33rd Street, Philadelphia 4, Pennsylvania. 


TEACHING POSITIONS for September 1, 1955, are 
available at a University in the Southeast. Instructors, 
$3,500-$4,300; Graduate Assistants (M.S. in 12 
months), $110 per month, tuition free. Box 237, 


ELECTRICAL DISTRIBUTION ENGINEERS AND 
DRAFTSMEN WANTED—Power “ey experience 
preferred. Location—Middle West. x 238. 


DISTRIBUTION ENGINEERS—Graduate Electrical 
Engineers—Senior—approximately 10 years field experi- 
ence with operating utility company. Junior—at least 
3 years experience. Permanent position long estab- 
lished consulting organization New York. Some travel 
Latin America necessary in future. Knowledge of 
Spanish or Portuguese useful. Salary commensurate 
with experience. eply stating age, education, experi- 
ence, personal particulars and minimum salary ex- 


pected. Box 240. 


ELECTRICAL ENGINEERS—A well known Eastern 
oil company has several openings on the staff of its 
Engineering and Construction Department for graduate 
Electrical Engineers experienced in design, construction, 
installation, performance and application of electrical 
power generating and consuming equipment and related 
distribution systems and auxiliary equipment. Assign- 
ments will include such diversified items as refinery units 
and equipment, service stations, marine terminals, office 
buildings, bulk plants and pipelines. If you are looking 
for a position that affords interestin, ns and advance- 
ment opportunities, send resume and salary requirements, 
Replies will be held in strict confidence. E.T. Addison, 
P. O. Box 7258, Philadelphia 1, Pa. 


DEVELOPMENT ENGINEERS—Three competent, 
experienced Research and Development Engineers, with 
3 or more years experience in the design of control systems 
and components applied to industrial processing 
machinery. Duties will include research, development 
and testing of electrical control systems and components 
for application in the heavy industries. Applicants must 
og = a degree in Electrical Engineering. Replies will 

held confidential. Salary: $7,000-$8,500 a year. 
Location: Ohio—Box 253. 


DISTRIBUTION ENGINEERS—Competent graduate 
electrical engineers with approximately 10 years experi- 
ence design, operation and maintenance of distribution 
facilities required by rapidly growing utility desirable 
location South America. Portuguese or Spanish useful- 
not required to start. Reply stating age, education, 


experience, personal particulars and minimum salary 
expected. Box 254, 


FIELD ENGINEERS FOR SALES WORK—Electrical 
control equipment. Recent or current BSEE graduates 
for 6 to 12 months training period within the company, 
poreenes to assignment to Field Engineering duties. 

eplies will be held in confidence. Send resumes. 
Salary: $4300-$4800 a year base. Location: Ohio— 
Box 255. 


WANTED ELECTRICAL DESIGN MANAGER FOR 
ELECTRICAL FACTORY employing 1500 persons, 
responsible position—should be competent, experi- 
enced in designing and progress; power and distribution 
transformers at least up to 15000 kva 132 kv and/or 
motors alternators up to 1000 kva 440/3/50 A.C. 
Salary rupees 2000 to 3000 P.M. according experience. 
Age up to 65 years—location Faridabad Indiana (18 
miles off New Delhi). First class furnished residential 
uarters provided free. Requirement immediate. 
y= ly: The Hindustan Electric Co., Ltd., Post Box No. 
627, Bombay 1, India. 


Positions Wanted 


ELECTRICAL ENGINEER, AIEE, IRE, Free lancing 
in electronics, desires to acquire service agency for manu- 
facturer of electronic control equipment. Formerly 
with well established firm. 11 years experience in 
design, installation and serVice. Location Midwest 
Box 245, 


SALES ENGINEER, BSEE, age 30, married. 4 years 
successful experience in industrial technical sales and 
administration. Field and construction experience. 
Desires challenging assignment in sales or engineering 
with progressive company. Will relocate. Resume 
upon request. B°x 256. 


ELECTRICAL ENGINEER, 37, experience electrical 

lant engineering and maintenance large chemical and 
industrial plants. Knowledge of short circuit calcula- 
tions and electronics maintenance. Prefer Eastern USA. 
Box 257. 


ELECTRICAL ENGINEER, 32, 5 years experience in 
design of D.C. and A.C. (induction and synchronous) 
machines, 10 to 10,000 hp» Reply Box 258. 


ENGINEERING EDUCATOR MSEE PE ASEE 
AAUP, Age 31, 2 years Public Utility, 3 years Assistant 
Professor in My ranking Eastern University. Presently 
teaching in ME and EE. Exceptional teaching ability. 
Summer experiences in research and engineering sales. 
Desire teaching or sales engineering in West. Box 259. 








ENGINEERING AT NCR: 


and Electrical Engineering Divisions. 


and electronic components. 


to all employees. 





ENGINEERS 


for immediate placement 


2. Engineering project work involving design and 
development of mechanical, electronic and electro- 
mechanical devices in Business Machine applications, 


3. Some experience in development, design, and 
application of high-speed, light-weight mechanisms of 
the intermittent motion type is desirable. 


4. Openings also for Mechanical and Electrical 
personnel for writing technical and application literature 
describing newly-developed machines. 


5. Ample training and indoctrination is available 


AS AN NCR ENGINEER you, with your family, will 


enjoy: 


1. Immediate, permanent positions in Mechanical 

1. UNLIMITED OPPORTUNITY in the broad, ever-ex- 
panding field of Business Machine Engineering. 

2. AN EXCELLENT SALARY, plus exceptional bene- 
fits of lifetime value for you and your family. 

3. A RECREATIONAL PROGRAM for year-round en- 
joyment of the entire family including a new Country 
Club with 36 holes of golf, and a 166-acre park for 
outings with swimming, boating, and supervised play for 


the children. 


ACT AT ONCE—Send resume of your education 
and experience to: EMPLOYMENT DEPARTMENT TECHNICAL PROCUREMENT SECTION 


THE NATIONAL CASH REGISTER COMPANY 


Dayton 9, Ohio 


MECHANICAL ENGINEERS 
ELECTRICAL ENGIMEERS 
MECHANICAL DRAFTSMEN 


4. LIVING IN DAYTON .. . considered one of the 
cleanest and most attractive cities in the Midwest with 
outstanding school facilities. 

5. YOUR WORK AT NCR with its friendly, family at- 
mosphere, with its employee morale at a very high level, 
and with people who, like yourself, have decided to 
build their professional future with NCR. 
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Engineering 
ieties 
New York 
8 West 40th St. 


Chicago 





Personnel Service, inc. 


84 East Randolph St. 


San Francisco 
57 Post St. 


Detroit 
100 Farnsworth Ave. 








in applying for positions advertised by the Service, the 
epplicant agrees, if ectuall Fer in @ position through 
the Service as @ result advertisements, to pay 
ement fee in accordance with the rates as listed by the 
ice. These rates have been established in order to 
maintain an efficient, "ny personnel service and are 
available upon request. is also applies to registrants 
whose notices are placed in these columns. 


Men Available 


ELEC ENGR, 32, married, B.S. University Barcelona, 
Spain. 8 yrs expr elec capt, testings, automatic con- 
trols; 5 yrs So America for European elec mfr. Sp, Fr, 
Italian. Available immediately; location immaterial. 
E-801. 


ELEC ENGR, BSEE 1952 USA, Assoc M AIEE, 31, 
single, Spanish descent. Exp maint elec eqpt and super- 
vision of sub-station and houses wiring installation. 
Desires pos requiring hard work in elec distr for public 
utility. Adaptable, reliable, energetic, Speak perfect 
Spanish. Prefer South America. E-802. 


DISTRICT MGR OR SALES ENGR, B.S.E.E., 1950; 
27, married, veteran; 4 years dist mgr for elec eqpt mfr; 
exp with dealer organizations, architects, contractors 
and direct indus sales. Prefer Midwest. E-803-38- 
Chicago. 


SALES ENGR, 30 B.S.M.E., 8 yrs 47 sales exp 
elec with OEMS, distributors, etc. in New England; 
can handle elec or mech products anywhere. E-804. 


ADMIN OR MANAGEMENT: B:S.; regis prof E.E., 
Cal.; 43, married; 18 yrs exper primarily electronics 
and communications, engrg des, lab supervision, factory 
asst mgr., sales engrg, broad general engrg background, 
Working knowl Spanish. Desires plant, engrg or sales 
engrg management or admin pos. Location preferred, 
San Francisco peninsula or southern Cal. E-805. 


Positions Available 


DESIGN AND DEVELOPMENT ENGINEER, elec- 
trical graduate, with pulse-circuit experience for digital 
computer project. Some traveling. Salary, $5000- 
$6000 a year. Location, Queens County, New York. 
W-895. 


SALES ENGINEER, 30-40, electrical or mechanical 
graduate, with sales experience contacting government 
agencies on fire control and navigational systems. Must 
be citizen. Considerable traveling. Salary, $8000- 
$10,000 a year. Location, Long faand, New York. 
W-891,. 


ELECTRONIC ENGINEER, young, Electrical En- 
gincer, graduate, with design and development experi- 
ence on electronic components. Must be citizen. 
Salary, $5000-$7000 a year. Location, Newark, N. J., 
area. W-890. 


GRADUATE ELECTRICAL ENGINEER, to head up 
small group of electrical technicians in the Plant En- 
gineering department. Must be familiar with basic high 
voltage power equipment, power circuits for electric 
furnaces, instrumentation, and general plant lighting 
and heating electrical arrangements. Location, South. 
W-888(b). 


TECHNICAL WRITER, electrical engineering grad- 
uate, with at least two years’ writing experience covering 
fire control and other government electronic devices 
Salary, $6000-$8000 a year. Location, Westchester 
County, New York. W-884, 


ENGINEERS. (a) Senior Systems Engineer B.S.E.E. 
or equivalent experience in communications, electronics, 
servo-mechanisms. Study and analyze complex systems 
involving radar, servos, aircraft electronics and airborne 
ordnance systems. Must have five to ten years’ systems 
engineering experience. (b) Senior Physicist, Ph.D. in 

hysics. Assignments will include experimental prob- 
fone in the electronics physics field including original re- 
search in microwave region. Desirable experience 
would be work in microwave measurements on dielec- 
trics, VHF and UHF particularly dielectric measurement 
at these frequencies. Laboratory experience with micro- 
wave hardware also desirable. Must have seven to ten 
hysics. Location, 
W-880. 


pew experience in experimental 


ew Jersey Metropolitan area. 


RADIO SYSTEMS ENGINEER, Will be responsible 
for the design and supervision of the installation of radio 
communications systems in foreign countries. Should 
have experience in one or more of the jollowing: Propa- 
gation analysis; telephone and telegraph terminal equip~ 
ment; HF, VHF and micro-wave toa Salary open. 
Location, foreign. F-876, 


78A 


Apply by letter addressed to the key number and 
mail to New York Office. When making ication 
for @ position include six cents in stamps for arding 
application to the employer and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to members of the co-operating societies 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 


ASSISTANT OR ASSOCIATE PROFESSOR, in 
electrical engineering with an advanced degree and some 
experience to teach in the power field. Should be active 
in technical and professional organizations. Degree 
and experience to determine academic rank and salary. 
Positions start September 1955. Location, Midwest. 
W-868(b). 


ELECTRONIC DESIGN ENGINEER, with training 
and experience in electronics and experience in the 
design and development of iron core components for 
transformers. Salary, $8000-10,000 a year. Location, 
Upstate New York. W-838. 


JUNIOR ELECTRONIC ENGINEER, electrical 
graduate, preferably with M.S. degree, for research and 
development on high frequency components. Salary 
$4800 a year. Location, cane G New Jersey. W-833. 


APPLICATION ENGINEER, a year or so out of 
college, for small company manufacturing electric 
regulators. Location, Connecticut. W-827. 


TRANSFORMER DESIGN ENGINEER, experienced 
in power, audio and pulse transformers. Must be 
graduate electrical engineer with some experience in- 
similar work. Salary up to $10,000 a year. Location, 
Connecticut. W-826. 


SENIOR DESIGN ENGINEER, degree in electrical 
engineering, physics or mechanical engineering, with 
emphasis on electronics, with at least five years’ experi- 
ence in es ent, to investigate, develop ideas on, 
experiment with, and analyze functions of prototypes, 
components and systems; develop basic design and 
schematic diagrams; direct assigned drafting personnel 
to complete layout and designs; cpnenve Gatane and 
specifications for release to manufacturing, create test 

ifications, oversee initial testing and direct prepara- 
tion of progress reports, etc. Salary up to $8000 a year. 
Location, New York, N. Y. W-821, 





NOTE: Closing date for material to be 
set in the classified advertising column, as 
well as cancellations for running ads, must 
be received not later than the first of the 
duly first 


month preceding issue; i.e., 


for August issue. 











ASSISTANT ELECTRICAL SUPERINTENDENT, 
duties consist of operation and maintenance of electrical 
equipment at mine and plant in conjunction with gen- 
erating units and a 100 mile high tension transmission 
line with respective sub-stations. Salary, $8100 a year. 
Location, South America. W-799(b). 


DESIGN ENGINEER, mechanical or electrical grad- 
uate, with design and plant engineering experience cover- 
ing instruments and controls for automation work in 
textile and process industries. Salary open. Location 
Rhode Island. W-787. 


PRODUCTION ENGINEER, Electrical or Mechanical 
graduate, with at least five years’ experience in produc- 
tion assemblies of radio or TV. Duties include super- 
vising production and processing assemblies for radio and 
TV components. Salary up to $8000 a year. Loca- 
tion, Chicago, Ill. C-2484, 


PROCESS METHODS ENGINEER, Mechanical or 
Electrical graduate, up to 47, with at least five years’ ex- 
perience in methods and processing work, manufacturing 
and assembling electronic equipment. Will process 
electronic equipment through manufacturing; some 
parts manufacturer and some parts assembled; machine 
shop, sheet metal shop and bench assembly, for a manu- 
facturer of music boxes. Employer will negotiate fee. 
Salary $7000 to $12,000 a year. Location, Michigan. 
C-2450, 
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TRANSISTOR & | 


DIGITAL COMPUTER 


TECHNIQUES 


applied to the design, development 
and application of 





AUTOMATIC RADAR DATA 
PROCESSING, TRANSMISSION 
AND CORRELATION IN 
LARGE GROUND NETWORKS 








ENGINEERS 
& 
PHYSIcCIisTs 








Digital computers similar to the successful 
Hughes airborne fire control computers 
are being applied by the Ground Systems 
Department to the information processing 
and computing functions of large ground 
radar weapons control systems. 

The application of digital and transistor 
techniques to the problems of large ground 
radar networks has created new positions 
at all levels in the Ground Systems Depart- 
ment. Engineers and physicists with experi- 
ence in the fields listed, or with exceptional 
ability, are invited to consider joining us. 











fields include 





TRANSISTOR CIRCUITS 
DIGITAL COMPUTING NETS 
MAGNETIC DRUM AND CORE MEMORY 
LOGICAL DESIGN 
PROGRAM MING 


VERY HIGH POWER MODULATORS 
AND TRANSMITTERS 


INPUT AND OUTPUT DEVICES 
SPECIAL DISPLAYS 
MICROWAVE CIRCUITS 











and Engineering Staf} 


HUGHES 


RESEARCH AND 
DEVELOPMENT LABORATORIES 


Culver City, Los Angeles County, California 


Relocation of applicant must not cause 
disruption of an urgent military project. 
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| eee at 
Engineers oe~ i 


To design new oil-refineries ELECTRONICS 


and chemical plants. The 


work is basically the engi- ENGINEERS: 


neering of power generation 


facilities and the design of | Westinghouse 











power distribution systems. 


Please send your resume CS AIR ARM OFFERS 


to our personnel Depart- 


wo yore | CREATIVE CAREERS! 


ceive immediate and con- 





. New and exciting advanced development work at 
fidential attention. : Westinghouse Air Arm Division presents unlimited 


creative opportunities for experienced engineers. 





; Top-level openings with this expanding operation 
C F BRAUN & CO | offer unusual engineering opportunities, as well as 

Engineers © Constructors | t income and benefits commensurate with the important 
: nature of the assignments and the qualifications of 


ALHAMBRA, CALIFORNIA reas 
the individuals selected. 





@ AUTOPILOT DEVELOPMENT 
@ FIRE CONTROL SYSTEMS 
ELECTRICAL ENGINEER @ RADAR SYSTEMS 
@ COMPUTERS 
@ SYSTEMS ANALYSTS 

@ ELECTRONIC CIRCUITS 
power plus two years or more 


experience in laboratory test- OPPORTUNITIES AND ADVANTAGES 


ing. PROFESSIONAL Opportunities for advanced study at company 
~ RECOGNITION expense, and liberal patent disclosure compen- 


sation, 





B.S. with major in electrical 


Must be able to organize and WORKING Both professional and friendly. Association with 


conduct laboratory investiga- ie ATMOSPHERE So ae scientists and engineers in their 
: ields. 

tions inA.C. and D.C. systems 

; sy ; SALARY Salary compensation individually determined 

for aircraft, including in- according to experience and ability, and pro- 
pe pr 
4 motions based on individual merit. 

verters, alternators and re- 


Labell.. coempenstite:.. Will. <di- be ponte 7 a Apartments and new homes readily 
fee: Re NAS “a prepare 7, WRITE TODAY FOR CONFIDENTIAL INTERVIEW: 
engineering test reports. . Illustrated brochure promptly forwarded to 
all qualified applicants. 
R. M. Swisher, Jr 
: : Employment Supervisor, Dept. 86 
Engineering Personnel Office WESTINGHOUSE ELECTRIC CORP. 


' 2519 Wilkens Avenue 
Dept. X Baltimore 3, Maryland 


Write or apply 


NORTH AMERICAN AVIATION | you can 6e SURE...1¢ irs 


wD GRE ta £ Westinghouse 
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CALLING CARD FOR 
A BRILLIANT FUTURE... 


Bendix Missile Section is a major contractor in the U.S. Navy’s guided 
missile program --a part of the “new look” in our defense plan. Our 
expanding program has many opportunities for senior engineering 
personnel: Electronics Engineers, Dynamicists, Servo- Analysts, Stress 
Analysts, Project Coordinators, and Designers. Take time now to look 
into the opportunities which Bendix can offer you. Write Employment 
Dept. M, 401 Bendix Drive, South Bend, Indiana. 











ENGINEERS ee 


TO DEVELOP 
: LEAR, INC. will expand its top notch 


TRANSISTOR . ene Service rape * —a 
= keep pace with increasingly wide- 
CIRCUITRY 


- spread military acceptance of LEAR 
‘ ence systems. 
Opportunity to study fundamental 


ight control systems and flight refer- : 





transistor circuit problems and to 
apply transistors in the design of 
receiver, guidance and control 
systems of guided missiles. 


Transistor experience desirable but 
not essential. 


Located in residential suburb of 
Nation's Capital. Advanced edu- 
cational facilities available. Mov- 
ing expenses paid. Other liberal 
benefits. 

Send resume to G. B. Mayfield 
APPLIED PHYSICS LABORATORY 


THE JOHNS HOPKINS 
UNIVERSITY 

8621 Georgia Avenue, 

Silver Spring, Maryland 
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Attractive salary, liberal expense ar- 
rangements. Assignments may require 
ravel or residence at assigned stations. 


; Company orientation prior to assignment. 


Qualifications include: 


1. E. E. Degree or equivalent. 


2. Knowledge of servomechanisms, | 


gyros, electronics. 
3. Tech. Rep. experience. 


To Apply, send resume to: 
Field Service Mgr. 


LEAR, INC. 


4X 110 lonia Ave., N. W. 
Grand Rapids 2, Mich. 














Bibliography on 
Telemetering 
(December 1954) 


Sponsored by the 
AIEE Group Subcommittee 
on Telemetering 
of the 
AIEE Committee on Instruments 
and Measurements 


This Bibliography (S-68) 
covers the field of mobile and 
stationary telemetering as it 
relates specifically to prob- 
lems of remote measurement. 
The contiguous fields of 
carrier current transmission 
and supervisory control, while 
not excluded, are covered 
onlyinsofaras there is thought 
to be direct bearing on the 
defined subject. Other bibli- 
ographies which will be di- 
rected more specifically to 
these related subjects are 
now in preparation. 


In a restricted compilation 
such as this, it has been con- 
sidered best to arrange the 
items in annual groups after 
the year 1920, when the sub- 
ject began to be treated with 
some regularity in technical 
literature. Within each an- 
nual group the listing is alpha- 
betical by author’s name. No 
attempt has been made to 
strive for completeness prior 
to 1920 since such historical 
investigation would appear to 
have only limited, or, at best, 
very special interest. 


Price: 50 cents 
(no discounts for members) 


Copies may be obtained from: 
Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 


New York 18, N. Y. 
2-55 
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Digital 
Communication 


Systems 
Engineering 


with 


experience 
s Miniaturization 
the Circuit 


Develo 
fields velopment 


of 


Electromechanical 
Development 


Digital 
Techniques 


Long-Range 
Information 
Transmission 


New advancements in the field of 
long-range information transmission 
are being made at Hughes with dig- 
ital techniques. 


Areas of Work 


To further expand work in this area, 
Hughes Research and Development 
Laboratories are interested in people 
with experience in airborne com- 
munication systems, digital storage, 
low frequency measurements, mod- 
ulation systems, miniaturized pack- 
aging, audio, IF and RF circuitry in 
the HF range, analog to digital— 
and other data conversion methods. 


Scientific and Engineering Staff 
CULVER 


CITY, 


Hughes : = 


ANGELES 


RESEARCH ; COUNTY, 
AND DEVELOPMENT CALIFORNIA 
LABORATORIES 


Relocation of applicant must not cause 
disruption of an urgent military project. 








FOR 


ELECTRONIC ENGINEERS 





\\|\ PHYSICISTS and 


ECHANICAL ENGINEERS 
\! WITH 


SYLVANIA 


It is not surprising that many contributions and advances 
in the field of electronics have been made by Sylvania 
engineers. Our company has always placed heavy empha- 
sis on original research, development and product design, 
offering engineers wide latitude for exploration and 
creative expression. 





As a result, growth opportunities for engineers are vir- 
tually unlimited, as Sylvania aggressively advances in its 
growth tradition. 


To aid our engineers in their progress, Sylvania also pro- 
vides financial support for advanced education, as well as 
liberal insurance, pension and medical programs. 


The following PERMANENT POSITIONS are now open at: 
BOSTON & BUFFALO ENGINEERING LABORATORIES 

















Section Heads, Engineers-in-Charge, Senior Engineers, Engineering Specialists and 


joao Seatepeines Research, Design, atures rei Product Sieaee com- 
plex subminiaturized airborne electronic equipment and computers, experienced in: 


Pulse Techniques Analytical Problems 
€lectro-Mechanisms Antenna Design 
Microwave Techniques Applied Physics 
Microwave Applications 
Circuit Design 
Equipment Specifications 
F. M. Techniques 


Systems Development 
& Testing 

Component Selection 

Miniaturization Component Analysis 


Servo Mechanisms & Testing 


Heat Transfer Digital Computer Circuits 
Shock & Vibration & Systems 
Technical Writing Mechanical Design 


Please forward complete resume to: 


MR. CHARLES KEPPLE 


SYLVANIA 


ELECTRIC PRODUCTS INC. 
175 Great Arrow Avenue, Buffalo, New York 
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CAREER 
OPPORT 
FOR... 


e mechanical engineers 


e electronics engineers 
e electrical engineers 
e physicists 

e mathematicians 

@ aerodynamicists 

@ systems engineers 


SANDIA CORPORATION, a subsidiary of the Western 
Electric Company, operates Sandia Laboratory under 
contract with the Atomic Energy Commission. Sandia 
engineers and scientists work at the challenging task 
of designing and developing atomic weapons. Grad- 
vate engineers and scientists, with or without ap- 
plicable experience, will find excellent opportunities 
in the fields of component development, systems en- 
gineering, applied research, testing, and production. 


COMPENSATION is competitive with that offered in 
other industry. Ingenuity and initiative are valued 
highly, and opportunities for professional advance- 
ment are outstanding. Working conditions are 
excellent, and employee benefits are most liberal. 


SANDIA LABORATORY is located in Albuquerque — 
a modern, cosmopolitan city of 150,000, rich in 
cultural and recreational attractions and famous for 
its excellent year-around climate. Adequate housing 
is easily obtained. For descriptive literature giving 
more detailed information on Sandia Laboratory and 
its activities—or to make application for employment 
— please write: 


professional employment 
division 1D 


Sandia Base 
Albuquerque, N.M. 
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Communication Engineers! 


The world’s largest independent supplier of Carrier equipment 
offers permanent positions, good starting salaries, and unusual 
opportunity for progress. We can make you a very attractive offer 
if you have had experience in any of the following fiélds: 


1. Carrier Transmission Engineering 
2. Carrier Equipment Installation and Maintenance 
3. General Transmission Engineering 
Please write giving full details of your background to 
AUTOMATIC ELECTRIC COMPANY 


Personnel Director 
1033 W. Van Buren Street, Chicago 7, Illinois 


=p ELECTRIC | 
AUTOMATIL RY ELECTRIC 


® 











Review of Input and Output Equipment 
Used in Computing Systems 


Papers and discussions presented at the Joint AIEE-IRE-ACM 
Computer Conference, New York, N. ¥., December 10-12, 1952 


The papers presented in this 142-page printed publication 
represents a fairly complete documentation of the input- 
output art as it exists at present. This conference stressed 
those devices which have been brought to the point of 
working equipment by the various computing groups in 
an attempt to acquaint a large body of engineers with the 
present status of the art. Priced at $4.00, publication S-53 
is available from: 


Change of Mailing Address 


Prompt notification of a change of address accomplishes 
three things simultaneously: change of address in the AIEE 
national records; change of mailing address for ELECTRICAL 
ENGINEERING; and notice to the local section to change 
the section mailing list. Therefore, if you have an address 
change, fill out the form below and mail it promptly to: 
AIEE Headquarters, 33 West 39th Street, New York 18, N. Y. 


AIEE ORDER DEPARTMENT 
33 West 39th Street, New York 18, N. Y. 

















Mailing Address 


Membership No 
address) 


To assure a correct entry in the YEAR BOOK of the AIEE, 
please also furnish: 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 


12 times $120.00 





BLACK & VEATCH 
Consulting Engineers 


Electricity—W ater—Sewage—lIndustry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations—Reports— Design 
Procurement—Field Engineering 
Domestic and Foreign 
74 New Montgomery St., 

San Francisco 5, Calif. 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 











ROGER BARRETT BROSS 
Consulting Engineer 


SPECIAL ELECTRIC MOTORS 
ELECTROMAGNETIC COMPONENTS 


Design - Development - Manufacture 
Testing - Investigation 
25 Curtis Road OL 3-9235 
BOX 157, NATICK, Mass. 


JACKSON & MORELAND 


Engineers and Consultants 
Design and Supervision of Construction 
Reports—Examinations—Appraisals 


Machine Design—Technical Publications 
BOSTON NEW YORK 





Ing. José Miguel Diaz Noriega 
M.Sc.E.E. 


CONSULTING ELECTRONICS ENGINEER 
Engineering, research and development 
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The first book in the field 
te show you how to design, 
build and use 


TRANSISTOR 
AUDIO 
AMPLIFIERS 


By RICHARD F. SHEA, 
General Electric Co., editor of 

Principles of Transistor Circuits, 1953 
In this important new work, Mr. Shea shows how transistor fundamentals 
can be applied in the construction and use of audio amplifiers. Clearly 
and with a minimum of mathematics, he explains how you can: (1) 
intelligently apply transistor principles in a multitude of designs, (2) 
avoid pitfalls in planning, and (3) achieve the ultimate in performance 
from transistor devices. 

Here are all the tools you need to design an audio amplifier which meets 
the prerequisites of frequency response, signal-to-noise ratio, input power, 
and output power in such a manner as to insure maximum reproducibility, 
long life, maximum freedom from the effects of temperature and humid- 
ity, and lowest cost. 1955 219 pages Illus. $6.50 


MAGNETIC CONTROL of 
INDUSTRIAL MOTORS 


New Second Edition 
By GERHART W. HEUMANN, General Electric Company 
Revised in the light of recent advances and the techniques now employed 
in industry, this well known work brings you completely up to date. 
The she rege. 9 122 amen of the basic material, the concise yet clear 
explanations, the full coverage and wealth of cuts and circuit diagrams, 
make this book especially valuable as a working aid to practicing engi- 
neers. 1954 714 pages Illus. $9.50 


MECHANICAL and ELECTRICAL 
EQUIPMENT for BUILDINGS 


New Third Edition 
By the late CHARLES MERRICK GAY; CHARLES De Van FAWCETT, 
University of Pennsylvania; and WILLIAM J. McGUINNESS, Pratt 
Institute 

A modern guide to the design, specifications, installation, operation and main- 
tenance of machinery in buildings .. . now completely revised and up to date. 
It brings you the very latest authentic information on: acoustical ma- 
terials, supporting media, elevators, escalators, underfloor duct systems, 
pumps, baseboard heating, forced warm air heating, radiant heating, zon- 
ing systems and controls for hot water heating, and the Metro System of 
steam heating. 1955 564 pages lilus. $8.50 


SONICS Techniques for the Use of Sound and 


Ultra-Sound in Engineering and Science 
By THEODOR F. HUETER and RICHARD P. BOLT, 
both of The Massachusetts Institute of Technology 
Gives a clear and authoritative account of: (1) fundamental physics of 
vibration and sound, (2) design principles of electroacoustic and fluid- 
dynamic transducers, (3) choice of sonic variables for systems of engi- 
neering, and, (4) special techniques for testing and processing. 
1955 456 pages Illus. 





$10.00 


ae now for your ON-APPROVAL ree 

JOHN WILEY & SONS, Inc., 440 Fourth Ave., New Yerk 16, N.Y. EE-25 

Please send the book(s) checked below for me to examine ON APPROVAL. Within 

tea - I will either return same and owe you nothing or will remit the price(s) in- 

dicated, plus postage. 

OC Transistor Audio Amplifiers, $6.50 

OC Magnetic Control of Industrial Motors, $9.50 

© Mechanical and Electrical Equipment for Buildings, $8.50 

O Sonics—Techniques for the Use of Sound and Ultra-Sound in Engineer- 
ing and Science, $10.00 


CD on cxsnds tnnnddndtncnnecadicaeies isan tis h deine kpc dauniicsanaensant 
© SAVE POSTAGE! Check here if you ENCLOSE payment, in which case we pay 
postage. Same return privilege applies, of course. 
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Cole Electric Ca. 


8439 Steller Drive TExas 0-4701 Culver City, Calif. 


AIR BREAK DISCONNECTING SWITCH 
7,500 Volts 2,000 Amperes Type 0-2 
Vertical break. Three pole. Single throw. Group operated. 
One Pole Shown. 
SILVER TO SILVER CONTACTS 
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Capacitance Bridge 


Measures Insulation Characteristics 
with High Accuracy 


+0.1% 
+-0.00005 


Capacitance 


Dissipation Factor 


Dielectric constant and power factor are impor- 
tant characteristics of the insulation used in commercial 
power transformers. Insulating materials will heat up 
if power factor losses are high. Heating in turn in- 
creases power factor which again increases heating 

. this destructive cycle can ruin expensive equip- 
ment. If - power factor is controlled within permissible 
limits, the losses can be minimized to prevent damage. 

Westinghouse’s Transformer Division, Manufac- 
turing Engineering Department tests all insulating 
materials used in their equipment. They rely on pre- 
cision G-R laboratory measuring instruments to do 
this job for them. 

The basic instrument for capacitance and dissi- 
pation factor measurements is the G-R Type 716-C 
Capacitance Bridge. This is the instrument which is 
used the world over for the accurate measurement of 


Type 716-CR Capacitance Bridge 
(relay-rack mounting) 

Type 716-CM Capacitance Bridge 
(mounted in walnut cabinet) 


$525 


$570 


® 
GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 


90 West Street NEW YORK 6 

8055 13th St., Silver Spring, Md. WASHINGTON, D.C. 
920 S. Michigan Avenue CHICAGO 5 

1000 N. Seward Street LOS ANGELES 38 


Westinghouse Ele tric 
insulating-material characteristics and their change with 

such factors as frequency, temperature, and humidity. 

In addition to measurements on all types of capacitors, 

the bridge is capable of measuring resistance and 

parallel capacitance of high-valued resistors, induc- 

tance and storage factor of inductors, characteristics of 

electrolytes and many other impedances by substitu- 

tion measurements. 


Photo courtesy 


SPECIFICATIONS 


Substitution 
Measurements 


Direct Reading 
Measurements 


0.1 
internal standard 
and higher with 
standards 


f to 1000 f with 
to 1 uf 
external 


100 wuf to 1 wf at 1 ke; 100 
wuf to 1000 uzuf at 100 c, 
10 kc and 100 kc 


Capacitance Range 


0 2% or 4 2 - wh h. 
ever is larger; 0.1% or 

0.8 uwuf using correction 
chart given on panel 
+0.1% or +0.2 f with 
worm calibration, available 
at $50 extra charge 


2 wuf times capacitance 
multiplier reading (better 
than +0.2% of full scale 
for each range) 


Accuracy 
Capacitance Readings 


0.56 times the ratio of the 
standard capacitance with 
unknown disconnected to 
that of the unknown 


Dissipation Factor 

Range 0.00002 to 0.56 
Accuracy 

Dissipation Factor 
Readings 


+ 0.00005 or +2% of dial 
reading, whichever is larger 


for 


+0.00005 or +2% 
change in observed reading 


Frequency Range — accuracies given above hold from 30 c to 300 k 
special Type 716-CS1 available for use between 0.5 Mc. and 3 M 

Excellent Shielding ratio arms, dissipation-factor capacitors, 
shielded transformer are enclosed in an insulated shield; unknown 
terminals are shielded so that zero capacitance across them 
not greater than 1 yuf; dust cover and aluminum panel form com- 
plete external shield. 


and 


Recommended accessories for use with the Capacitance Bridge are the 
Type 1302-A Oscillator as the power source, Type 1231-B Amplifier and 
Null Detector, Type 1231-P Filters and the Type 1690-A Dielectric Sample 
Holder for measurements on unguarded dielectric materials. 


SIGNAL GENERATORS 
SOUND & VIBRATION METERS 
STROBOSCOPES 

TV & BROADCAST MONITORS 
U-H-F MEASURING EQUIPMENT 
UNIT INSTRUMENTS 

VARIACS ® 

V-T VOLTMETERS 

WAVE ANALYZERS 

WAVE FILTERS 


MODULATION METERS 
MOTOR CONTROLS 
NULL DETECTORS 
OSCILLATORS 

PARTS & ACCESSORIES 
POLARISCOPES 
PRECISION CAPACITORS 
PULSE GENERATORS 
R-L-C DECADES 

R-L-C STANDARDS 


ADMITTANCE METERS 
AMPLIFIERS 
COAXIAL ELEMENTS 
DISTORTION METERS 
FREQUENCY MEASURING 
APPARATUS 
FREQUENCY STANDARDS 
IMPEDANCE BRIDGES 
LIGHT METERS 
MEGOHMMETERS 























RCA-2D21—a ; 
trode thyratron, of 
cathodetypefor use 
It has a high cont 
independent of a 
over a wide range 
pre-conduction or § 
right up to the begi 
very low grid-ano 
grid current. The 

appreciably by line 


RCA OSCILLOGRAPH TUBES ; ina high-sensitivit 
| RCA-SABP1, 5ABP7 and SABPI1 flat: ai adit 

faced cathode-ray tubes feature electro- 

Static focus, electrostatic deflection, and 

post-deflection acceleration. These 5-inch 

oscillograph tubes differ only in spectral- 

energy emission and persistence char- 

acteristics of their respective phosphors. 

Outstanding features: very high deflec- 

tion sensitivity, high spot intensity, and 

high grid-modulation sensitivity. The ex- 

ceptionally high deflection sensitivity and 

low capacitance of the pair of deflecting 

electrodes provided for vertical-deflection, 

make this pair of electrodes especially 

suited for operation from wide-band am- 

plifiers. The small size and high brilliance 

: the fluorescent spot sive finer detail 

in oscillographic traces . . . even with — 
high-speed phenomena. 


RCA-4X150-A—a very smz 
forced-air-cooled beam power 

power amplifier or oscillator serv 
up to 500 megacycles and also 
amplifier in video applications. 
a maximum plate dissipation of 

nal arrangements of this power 
use with tank circuits of the co 
tional features: unipotential cat 
radiator . . . coaxial-electrode 
length: 2.468”, max. diameter: 





ELECTRON TUBES —SEMICOND| 
TEST EQUIPMENT —EL 


RADIO CORP 


TUBE DIVISION 
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1—a sensitive, four-elec- 
ron, of the indirectly heated 
efor useinrelay applications. 
gh control ratio (essentially 
t of ambient temperature 
le range), extremely small 
tion or gas-leakage currents 
the beginning of conduction, 
rid-anode capacitance and 
t. The 2D21 is not affected 

by line-voltage surges and, 
nsitivity circuit, can be oper- 
y from a vacuum phototube. 


RCA-5879—is a sharp-cutoff pentode 
of the 9-pin miniature type intended for 
use as an audio amplifier in applications 
requiring reduced microphonics, leakage, 
noise, and hum. It is especially well-suited 
for input stages of medium-gain public 
address systems, home sound recorders, 
and general-purpose audio systems. 


For technical information, write 

ty small and compact RCA, Section B-16-R, Commercial 
power tube for use in Engineering, 415 S. 5th Street, 
tor service at frequencies Harrison, N. J. Or call your 
nd also as a wideband nearest RCA Field Office: 
ations. The 4X150-A has EAST HUmboldt 5-3900 

tion of 150 watts. Termi- 415 South Fifth St., 
power tube facilitate its Harrison, New Jersey 
the coaxial type. Addi- MIDWEST — Whitehall 4-2900 

tial cathode . . . integral 589 E. Illinois St., 
ectrode structure. Max. Chicago. 11, lll. 

ameter: 1.645” WEST___ MAdison 9-3671 

420 S. San Pedro St., 

Los Angeles 13, Calif. 
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